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REMARKS 



Claims 16, 18-20, 32-39 and 157-165 were pending in the subject 
application. Applicants have amended claims 16, 20, 32 and 33 
and canceled claim 18. Claims 157-165 have been withdrawn by 
the Examiner. Accordingly, claims 16, 19-20 and 32-39 are 
currently pending. 

In section 1 of the January 29, 2004 final Office Action, the 
Examiner indicated that all previous grounds of rejection have 
been withdrawn in view of Applicant's amendment filed October 
17, 2003. The Examiner, however, has applied new grounds of 
rejection not necessitated by Applicant's amendment and made 
the present Office Action NON-FINAL. 



In section 2 of the January 29, 2004 final Office Action, the 
Examiner rejected claims 16, 18-20 and 32-39 under 35 U.S.C. 
112, first paragraph, as allegedly failing to comply with the 
enablement requirement. The Examiner alleged that the claims 
are drawn to a "pharmaceutical composition" for the treatment 
of "an autoimmune disease." The Examiner further alleged that 
Claim 39 provides an extensive list of autoimmune diseases 
characterized by different disease etiologies and reactivities 
to various autoantigens . The Examiner asserted that the 
meaning of the term "pharmaceutical composition" is understood 
to imply a composition whose sole purpose is for 
administration to a subject for the treatment of a condition 
and as a composition with a specified use and that claims to a 
"pharmaceutical composition" must meet a level of enablement 
commensurate with that needed for a therapeutic method. The 
Examiner stated the effectiveness of treating a response to an 
autoantigen is dependent on several factors, the most critical 
of which is whether the therapy can be used to treat an 
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ongoing autoimmune response or whether it is only effective 
prophylactically, citing to Tisch, et al . , Proc . Nat. Acad. 
Sci. (USA), 1994, 91:437-438, ("Tisch")- The Examiner alleged 
that typically, an autoimmune disease is diagnosed only after 
significant tissue damage has already occurred and that 
administration of an antigen after pathogenic T cells have 
been activated may have an exacerbating effect on the disease, 
rather than a tolerogenic one. The Examiner also alleged that 
another problem during the treatment of autoimmune diseases is 
determinant spreading during the course of the disease, 
pointing out that Tisch also teaches that "the high degree of 
specificity required for the process of clonal deletion/ anergy 
may be limiting when dealing with diseases such as MS, IDDM, 
and RA, in which there are responses to several autoantigens 
[...] and the critical inciting autoantigen ( s) is not known" 
(page 437, third full paragraph of column 3 in particular). 
The Examiner alleged that the breadth of applicant's claim is 
such that it recites a composition for the treatment of 
unrelated autoimmune diseases with a random- sequenced peptide 
terpolymer of a similar amino acid composition to myelin basic 
protein (MBP) , an antigen related to the etiology of multiple 
sclerosis (MS) and the animal model experimental allergic 
encephalomyelitis (EAE) . The Examiner stated that the 
specification demonstrates that prophylactic incubation of 
cells with the terpolymer inhibits T cell proliferation in 
response to MBP (Example 6) and inhibits a collagen-specific T 
cell response (Example 9) . The Examiner concluded that 
specification does not, however, indicate that any of these 
diseases, including MS, could be successfully treated with the 
terpolymer of the invention, as in each case the examples show 
only prophylactic success in inhibiting a response of a 
previously characterized T cell line to a single well-defined 
antigen and does not address the effect of an ongoing 
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autoimmune condition where reactivity is directed to multiple 
antigenic epitopes. The Examiner referred to Example 10 of the 
instant specification . and alleged that copolymer 1 inhibits 
activation of T cells reactive with a single antigenic epitope 
of the acetylcholine receptor (AChR) . However, the Examiner 
noted, myasthenia gravis (MG) is well known by practitioners 
to involve reactivity to a plurality of antigenic epitopes on 
the AChR, not a single epitope, and that the epitopes 
recognized can vary greatly between MG patients. Therefore, 
the Examiner asserted that, based upon the lack of guidance in 
the instant specification, an artisan would not be able to 
predict any specific autoimmune diseases that would be 
treatable with a pharmaceutical composition of the present 
invention . 

The Examiner concluded that in view of the nature of the 
invention, the state of the art, the limited working examples, 
the unpredictability of the art, the lack of sufficient 
guidance in the specification and the breadth of the claims, it 
would take undue trials and errors to practice the claimed 
invention and this is not sanctioned by the statute. 

In response, applicants respectfully traverse the Examiner's 
rejection on the basis that the examples provided in the 
applicants' specification enable the applicants' amended 
claims . 

As an initial matter, applicants note that the Examiner has 
cited no authority for imposing "the level of enablement 
commensurate with that needed for a therapeutic method" on 
"pharmaceutical composition" claims. Applicants respectfully 
request that the Examiner either cite to a basis supporting 
this analysis, or withdraw the rejection using the analysis. 
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Furthermore, because the Examiner has analyzed the claims as 
if they were method claims, applicants do not understand the 
Examiner's rational for the withdrawal of actual method claims 
157-165. Applicants contend that if the Examiner continues to 
rely on a standard applicable to method claims, withdrawal of 
method claims is improper. 

Applicants now address the Examiner's rejection, as stated in 
the January 29, 2004 Office Action by respectfully directing 
the Examiner's attention to MPEP § 2164.02: 



The issue of "correlation" is related to the issue 
of the presence or absence of working examples. 
"Correlation" as used herein refers to the 
relationship between in vitro or in vivo animal 
model assays and a disclosed or a claimed method of 
use . An in vitro or in vivo animal model example in 
the specification, in effect, constitutes a "working 
example" if that example "correlates" with a 
disclosed or claimed method invention . If there is 
no correlation, then the examples do not constitute 
"working examples." In this regard, the issue of 
"correlation" is also dependent on the state of the 
prior art. In other words, if the art is such that a 
particular model is recognized as correlating to a 
specific condition, then it should be accepted as 
such unless the examiner has evidence' that it does 
not correlate. Even with such evidence, the examiner 
must weigh the evidence for and against correlation 
and decide whether one skilled in the art would 
accept the model as reasonably correlating to the 
condition. Jn re Brana, 51 F.3d 1560, 1566 (Fed. 
Cir. 1995) (reversing the PTO decision based on 
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finding that in vitro data did not support in vivo 
applications) (emphasis added) . 

The applicants have provided in the specification several 
recognized models (e.g., EAE suppression, inhibition of the 
response of collagen specific T cells and Myasthenia Gravis 
Antigenic peptide T cells) that correlate the performance of 
the pharmaceutical compositions to the treatment of diseases 
recited in the claims (e.g., multiple sclerosis, rheumatoid 
arthritis and Myasthenia Gravis) . These specific diseases are 
representative of autoimmune diseases generally. In addition, 
applicants have also provided in the specification HL.A binding 
results for the claimed composition which is a working model 
that correlates to autoimmune diseases generally. 

The correlation between the EAE model and multiple sclerosis 
is well established in the art as is evidenced, e.g., by 
Arnon, et al . , Israel J. Med. Sci., 1989, 25:686-689, 
("Arnon"). For example, Arnon establishes a correlation 
between suppression of EAE in an in-vivo animal model by 
copolymer 1 and treatment of patients afflicted with multiple 
sclerosis by copolymer 1. Arnon also shows the stimulation of 
MBP specific T cells as well as the inhibition of MBP-induced 
T cell proliferation. Finally, Arnon describes the cross 
reactivity between anti-MBP antibodies and copolymer 1. By 
contrast, the Examiner has presented no evidence that the EAE 
model and multiple sclerosis do not correlate. 

Applicants have also shown that mixtures of terpolymers 
suppress EAE (Example 3/ pages 30-34 of the subject 
application) , inhibit MBP-induced T cell proliferation 
(Example 6, pages 43-46 of the subject application), stimulate 
COP-1 specific T cells (Example 7, pages 46-48 of the subject 
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application) , and cross react with anti-COP-1 antibodies 
(Example 8, pages 48-51 of the subject application) . Based on 
these working models and the correlation between the working 
models and the treatment of multiple sclerosis with copolymer 
1, one skilled in the art would be able to make a 
pharmaceutical composition comprised of the mixtures of 
terpolymers for the treatment of multiple sclerosis without 
undue experimentation. Therefore, the subject application does 
enable one skilled in the art to make a pharmaceutical 
composition for the treatment of multiple sclerosis. 

Rheumatoid arthritis has been strongly associated with human 
leukocyte antigens HLA-DR1 and HLA-DR4 , (Fugger, et al . 
Arthritis Research 2000, 2: 208-211, a copy of which is 
enclosed herewith as Exhibit: 1) . Moreover, type II collagen 
is known to induce arthritis in animal models and molecules 
that compete with collagen in binding to HLA-DR molecules and 
which inhibit collegan specific T cells response have been 
previously proposed as compounds for treating rheumatoid 
arthritis (Fridkis-Hareli , PNAS, 1998, Vol. 95, pp 12528-31, a 
copy of which is enclosed herewith as Exhibit 2) . 

Applicants have shown that the terpolymers of the subject 
application bind to HLA-DRl and HLA-DR4 (Example 5, pages 37- 
43 of the subject application) . Applicants have also shown 
that the terpolymers compete with collagen for binding to 
human leukocyte antigens and inhibit collagen-specific t-cell 
response (Page 17, line 34 to page 18, line 1 and Example 9, 
page 52 of the subject application) . Based on these working 
models and the correlation between the working models and 
compounds previously proposed for treating rheumatoid 
arthritis, one skilled in the art would be able to make a 
pharmaceutical composition comprised of the terpolymers for 



Applicants 
Serial No. 
Filed 
Page 12 



Aharoni, et al . 
09/768, 872 
January 23, 2001 



the treatment of rheumatoid arthritis without undue 
experimentation. Therefore, the subject application does 
enable one skilled in the art to make a pharmaceutical 
composition for the treatment of rheumatoid arthritis. 

Human leukocyte antigens and myasthenia gravis have also been 
correlated, (Giraud, et al . , Neurology, 2001 57(9): 1555-60). 
The acetylcholein receptor as a model for myasthenia gravis is 
known in the art (Boyton, et al . , Clin. Exp. Immunol., 2002, 
127: 4-11). Applicants have shown that copolymer 1 inhibit T 
Cells responsive to a Myasthenia Gravis Antigenic peptide 
(Example 10, pages 56-58 of the subject application). As 
mentioned above, terpolymers also bind to HLAs . Therefore, the 
subject application does enable one skilled in the art to make 
a pharmaceutical composition for the treatment of Myasthenia 
Gravis . 

In addition to multiple sclerosis, rheumatoid arthritis and 
Myasthenia Gravis, applicants have provided a reasonable 
expectation that their claimed pharmaceutical composition 
would treat other autoimmune diseases. Human leukocyte 
antigens (HLA) are part of the Major Histocompatibility 
Complex (MHC) and therefore key elements of the immune 
response, (Mallios, Bioinf ormatics , 1999, Vol. 15, No. 6, 432- 
439, a copy of which is enclosed herewith as Exhibit 3). The 
associations of HLA and specific autoimmune diseases are known 
and presented for the Examiner's convenience in tabular form 
in Exhibit 4. For example, as stated above, rheumatoid 
arthritis is associated with HLA-DR 1 and 4. Autoimmune 
thyroiditis has a known association with HLA-DR3 , (Wan, et 
al., Hum. Immunol. 2002, Apr, 63 ( 4 ) : 301-10 , a copy of the 
abstract of which is enclosed herewith as Exhibit 5) . A number 
of autoimmune diseases are associated with HLA-DR4 : autoimmune 
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uveoretinitis, (Giuseppina, et al . , The Journal of Clinical 
Investigation, April 2003, Vol. Ill, No. 8, 1171-80, a copy of 
which is enclosed herewith as Exhibit 6), colitis, (Kobayashi, 
et al., Clin Exp Immunol. 1990 Jun; 80(3):400-3, a copy of the 
abstract of which is enclosed herewith as Exhibit 7), diabetes 
melli tus , (http : / /ntri . tamuk . edu/immunology/autoimmunity . html , 
a copy of which is enclosed herewith as Exhibit: 8) , Graves 
disease, (Sridama, et al . , Arch Intern Med. 1987;147:229-231, 
a copy of the abstract of which is enclosed herewith as 
Exhibit 9), Hashimoto's disease, (Lymberi, et al . , Arch Hellen 
Med, 16(4), July-August 1999, 337-351, a copy of the abstract 
of which is enclosed herewith as Exhibit 10), psoriasis, 

(Fatma, et al . , Swiss Med Wkly, 2003, 133: 541-543, a copy of 
which is enclosed herewith as Exhibit 11) , pemphigus vulgaris, 

(Lombardi, et al . , J Invest Dermatol. 1999 Jul ; 113 ( 1 ): 107-10 , 
a copy of the abstract of which is enclosed herewith as 
Exhibit 12), and systemic lupus erythematosus, (Batchelor, et 
al. Lancet 1980 1 ( 8178 ): 1107-9 , a copy of the abstract of 
which is enclosed herewith as Exhibit 13). As discussed above 
with rheumatoid arthritis, binding to HLA-DRs has been 
correlated with molecules that treat autoimmune diseases. 

Applicants have shown that their mixtures of terpolymers bind 
to HLA-DR 1, 2, and 4, (Example 5, pages 37-43 of the subject 
application) . Since applicants have provided working examples 
that correlate with several autoimmune diseases as well as the 
binding data examples to HLA-DR 1, 2 and 4 that correlate with 
numerous other autoimmune diseases, the applicants maintain 
that they have provided a reasonable expectation that their 
mixtures of terpolymers treat autoimmune diseases. 
Importantly, the Examiner offers no evidence that applicants' 
models do not correlate to the claims. 
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Yet, furthermore, applicants point out that Tisch also refered 
to by the Examiner, describes EAE as a "model of autoimmunity" 
(page 438, column 1, paragraph 2). Suppressor cell activity 
has been shown in the EAE model in mice and rats and has been 
suggested in other autoimmune diseases (Aharoni et al . , Eur . 
J . Immunol . , 1993, 2_3, 17-25, a copy of which is enclosed 
herewith as Exhibit 14) . Relapses and remissions often occur 
in multiple sclerosis and in other autoimmune diseases and 
these relapses and remissions have been explained by changes 
in the suppressor cell population (Id at pl7). Thus, EAE and 
autoimmune diseases involve at least some of the same 
mechanisms. Therefore, EAE is an appropriate model for 
autoimmune diseases. Applicants, however, provide more and 
other models as well. 

Applicants further point out, as the Examiner is aware, that 
the enablement of a representative number of species within a 
genus enables the genus (MPEP § 2164.02). Applicants have 
certainly enabled treatment of a representative number of 
autoimmune diseases. Accordingly, applicants respectfully 
submit that the enablement requirement is satisfied for the 
claims as amended. 

In light of the above comments, applicants request that the 
Examiner reconsider and withdraw the rejection of claims 16, 
18-20 and 32-39 under 35 U.S.C. 112, first paragraph. 

In section 3 of the January 29, 2004 final Office Action, the 
Examiner rejected claim 18 under 3 5 U.S.C. 112, second 
paragraph, as allegedly indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 
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The Examiner alleged that the term "substantially free" in 
claim 18 is a relative term that renders the claim indefinite. 
The Examiner further alleged that the term "substantially 
free" is not defined by the claim, the specification does not 
appear to provide a standard for ascertaining the requisite 
degree, and one of ordinary skill in the art would not be 
reasonably apprised of the scope of the invention. The 
Examiner questioned whether the term refers to a function of 
the cited constituent or does it refer to the physical 
presence thereof? The Examiner further questioned if 
"substantially free" is referring to a physical presence, what 
ratio or amount of the constituent constitutes an upper limit 
for "substantially free"? 

In response, without conceding the correctness of the 
Examiner's comments and solely to advance the prosecution of 
the subject application, the applicants have canceled claim 18 
without disclaimer or prejudice. 

In section 4 of the January 29, 2004 final Office Action, the 
Examiner rejected claims 16, 18-20 and 32-39 under 35 U.S.C. 
102(b) as allegedly anticipated by Arnon, et al . , Israel J. 
Med. Sci., 1989, 25:686-689, ("Arnon"). 

The Examiner alleged that Arnon teaches COP 1, a synthetic 
basic random copolymer comprising A, E, K, and Y residues. The 
Examiner reminded the applicant that the term "comprising" in 
claim 16 is an open term that allows the inclusion of other 
elements that are not specifically recited in the claim, 
including glutamic acid residues. The Examiner added that the 
phrase "consisting essentially of" in claim 16 is being 
interpreted as inclusive or open-ended, not excluding 
additional non-recited elements, i.e., "comprising," provided 
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that the additional elements do not materially affect the basic 
and novel characteristic ( s) of the claimed invention. The 
Examiner included claim 18 because allegedly the term 
"substantially free" is a relative term that has not been 
adequately defined by the instant specification or claims as 
filed. The Examiner stated that Arnon teaches that alanine is 
present in the polymer at a molar ratio of 6.0, glutamic acid 
is present in the polymer at a molar ratio of 1.9, lysine is 
present in the polymer at a molar ratio of 4.7 and tyrosine is 
present in the polymer at a molar ratio of 1.0 (Abstract in 
particular) and concluded that given the sum of the molar 
ratios is 13.6, alanine is present as a molar fraction of 
0.441, lysine is present as a molar fraction of 0.346 and 
tyrosine is present as a molar fraction of 0.140 [claim 19]. 
The Examiner also included claim 2 0 because the term "about" 
is a relative term and the metes and bounds of the term have 
not been established by the specification. According to the 
Examiner, 0.441 satisfies the recitation of "about 0.54," 
0.346 satisfies the recitation of "about 0.35" and 0.140 
satisfies the recitation of "about 0.10." The Examiner alleged 
that Arnon teaches that COP 1 was effective in exerting a 
suppressive effect on EAE when injected into guinea pigs when 
administered in an aqueous saline solution, a pharmaceutically 
acceptable carrier (page 686, second column in particular) and 
further states that COP 1 is effective in suppressing EAE in 
rabbits, mice, rhesus monkeys and baboons (page 686, second 
column in particular) . The Examiner concluded that prior art 
teaching anticipates the claimed invention. 

The Examiner stated that claims 32 and 33 are included 
because, while Arnon allegedly does not specifically teach the 
size of COP 1, it is noted that it is a randomly arranged 
synthetic polypeptide product and the final size of the product 
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will be determined by the amounts of the individual constituent 
amino acid residues added to the reaction mixture and the time 
the reaction is allowed to run. Furthermore, the Examiner 
alleged that in order to exert its effect on T cells, the 
peptide must be processed into small 8-2 0 amino acid residue 
long epitope peptide, irrespective of the starting size of the 
polypeptide. According to the Examiner, provided that the 
ratio of the elements is maintained in the synthesis of the 
polypeptide, the beginning size of the polymer is not seen as 
being patentably distinct. 

In response, applicants direct the Examiner's attention to 
page 1, lines 27-34 of the subject application where 
terpolymers are defined, "When such mixtures of synthetic 
random linear copolymers consist essentially of the three of 
the four amino acids found in Copolymer 1, they are referred 
to as Terpolymers ... Preferably , the Terpolymers are composed 
of tyrosine, alanine and lysine, . . .". Applicants also point 
out that claim 16 recites "consisting essentially of randomly 
polymerized tyrosine, alanine and lysine..." However, Arnon 
does not disclose tyrosine, alanine and lysine polymers but 
rather discloses glutamic acid, tyrosine, alanine and lysine 
polymers . 

By alleging that Arnon anticipates the claims of the subject 
application, the Examiner has impermissibly broadened the scope 
of claim 16. SciMed Life Systems, Inc. V. Advanced 
Cardiovascular Systems, Inc., 242 F.3d 1137, 1141 (Fed. Cir. 
2001) 

Where the specification makes clear that the 
invention does not include a particular feature, 
that feature is deemed to be outside the reach of 
the claims of the patent, even though the 
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language of the claims, read without reference to 
the specification, might be considered broad 
enough to encompass the feature in question. 

Without conceding the correctness of the Examiner's 
allegations that the molar fractions of tyrosine, alanine and 
lysine disclosed in Arnon satisfy the recitation of the molar 
fractions for these amino acids in claim 20 and solely to 
advance the prosecution of the subject application, applicants 
have amended claim 2 0 to remove the term "about" . 

While applicants do not understand the Examiner's point 
regarding claims 32-33 and the length of the polypeptides, 
applicants maintain that the distinction between Arnon and the 
invention of the subject application is not the length of the 
terpolymers but rather their composition. 

Accordingly, Arnon does not anticipate the subject invention 
and the Examiner is respectfully requested to withdraw his 
rejections of claims 16, 19-20 and 32-39 under 35 U.S.C. 102(b) 
as being anticipated by Arnon. 

In section 5 of the January 29, 2004 final Office Action, the 
Examiner rejected claims 16, 18-20, and 32-39 under 35 U.S.C. 
103(a) as allegedly unpatentable over Teitelbaum, et al . 
(Proc. Nat. .Acad. Sci . [1988] 85(24) :9724-9728 ("Teitelbaum") 
in view of Arnon. 

The Examiner alleged that Teitelbaum teaches Cop 1, a 21,000 
dalton synthetic basic random copolymer comprising A, E, K, 
and Y residues. The Examiner reminded the applicants that the 
term "comprising" in claim 16 is an open term that allows the 
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inclusion of other elements that are not specifically recited 
in the claim, including glutamic acid residues . The Examiner 
added that the phrase "consisting essentially of" in claim 16 
is being interpreted as being inclusive or open-ended, not 
excluding additional non-recited elements, i.e., "comprising," 
provided that the additional elements do not materially affect 
the basic and novel characteristic ( s ) of the claimed 
invention. The Examiner included claim 18 because the term 
"substantially free" is a allegedly a relative term that has 
not been adequately defined by the instant specification or 
claims as filed. The Examiner alleged that Teitelbaum teaches 
that alanine is present in the polymer at a molar ratio of 6 
0, glutamic acid is present in the polymer at a molar ratio of 
1.9, lysine is present in the polymer at a molar ratio of 4.7 
and tyrosine is present in the polymer at a molar ratio of 1.0 
(Abstract in particular) and concluded that given the sum of 
the molar ratios is 13.6, alanine is present as a molar 
fraction of 0.441, lysine is present as a molar fraction of 
0.346 and tyrosine is present as a molar fraction of 0.140 
[claim 19] . 

The Examiner stated that claim 2 0 is included because the term 
"about" is a relative term and the metes and bounds of the 
term have not been established by the specification. The 
Examiner alleged that 0.441 qualifies as "about 0.54," 0.346 
qualifies as "about 0.35" and 0.140 qualifies as "about 0.10." 
The Examiner alleged that Teitelbaum teaches that Cop 1 was 
effective in specifically inhibiting T cell responses to 
myelin basic protein, which is a target autoantigen in the 
inflammatory autoimmune disease multiple sclerosis and in the 
experimental allergic encephalomyelitis (EAE) model (see entire 
publication) . 
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The Examiner acknowledged that Teitelbaum does not teach an 
" effective amount " in a pharmaceutical ly acceptable carrier . 
However, the Examiner alleged that Arnon teaches that the 
administration of Cop 1 to rhesus monkeys and baboons even 
after the onset of clinical symptoms of EAE demonstrated 
reversal of disease symptoms and full recovery (paragraph 
bridging pages 686-687 in particular) and that the use of Cop 1 
in human subjects improved the disability status of the 
subjects and reduced exacerbation versus placebo- treated 
controls (paragraph bridging pages 688-689 in particular) . The 
Examiner alleged that Arnon teaches the use of an effective 
amount of Cop 1. 

The Examiner concluded it would have been prima facie obvious 
to a person having ordinary skill in the art at the time the 
invention was made to formulate an effective amount of the Cop 
1 copolymer of Teitelbaum in a pharmaceutically acceptable 
carrier with a reasonable expectation of success because Arnon 
teaches that it improves the clinical status of non-human EAE 
subjects and human multiple sclerosis patients The Examiner 
alleged that one would have been motivated to use this 
compound in a pharmaceutical preparation by the teaching of 
Arnon that Cop 1 is related to the encephalogenic myelin basic 
protein but is not itself encephalogenic. 

The Examiner stated that claim 33 is included because 
allegedly, while Teitelbaum teaches that Cop 1 is 21 Kd 
in size, the Examiner alleged that it is a randomly 
arranged synthetic polypeptide product. The Examiner 
further alleged that in order to exert its effect on T 
cells, the peptide must be processed into small 8-20 
amino acid residue long epitope peptide, irrespective of 
the stated size of the polypeptide. The Examiner also 
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alleged that the ratio of the elements is maintained in 
the synthesis of the polypeptide, and the beginning size 
of the polymer is not patentably distinct. 



In response, applicants again point out that claim 16 as 
amended recites "consisting essentially of randomly polymerized 
tyrosine, alanine and lysine..." Teitelbaum and Arnon, together 
or individually, do not suggest or motivate the development of 
a pharmaceutical composition for the treatment of autoimmune 
diseases which comprises a mixture of terpolymers consisting 
essentially of tyrosine, alanine and lysine. Finally, neither 
Teitelbaum nor Arnon teach or suggest a treatment with 
tyrosine, alanine and lysine terpolymers. Accordingly, the 
subject invention is patentably distinct and the Examiner is 
respectfully requested to withdraw his rejections of claims 16, 
19-20 and 32-39 under 35 U.S.C. 103(a) as being unpatentable 
under over Teitelbaum in view of Arnon. 



In Section 5 of the January 29, 2004 final Office Action, the 
Examiner objected to claim 2 0 as allegedly dependent upon a 
rejected base claim. However the Examiner stated that the claim 
would be allowable if rewritten in independent form including 
all of the limitations of the base claim and any intervening 
claims . 

In response, applicants point out that claim 2 0 now depends on a 
patentable claim 16 as amended. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' 
undersigned attorney invites the Examiner to telephone him at 
the number provided below. 
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No fee, other than the enclosed $110.00 for the one-month 
extension of time, is deemed necessary in connection with the 
filing of this Amendment. However, if any additional fee is 
deemed necessary, authorization is hereby given to charge the 
amount of such fee to Deposit Account No. 03-3125. 



Respectfully submitted, 



I hereby certify that this 
correspondence is being deposited 
this date with the U.S. Postal 
Service with sufficient postage as 
first class mail in an envelope 
addressed to: Commissioner for 
Patents, P.O. Box 1450, Alexandria, 




<John 
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Gary J. Gershik 
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Abstract 



Inherited susceptibility to rheumatoid arthritis (RA) is asociated with the DRB1 genes 
encoding the human leukocyte antigen (HLA)-DR4 and HLA-DR1 molecules. Transgenic 
mice expressing these major histocompatibility complex (MHC) class II molecules have been 
developed to generate humanized models for RA. The relevance of these models for 
understanding RA will be discussed. 

Keywords: human leukocyte antigen, rheumatoid arthritis, transgenic mice 



Introduction 

More than 20 years ago, Stastny [1] reported that 
HLA-DR4 is associated with RA. Nine years later, 
Gregersen et a/ [2] proposed the shared epitope (SE) 
hypothesis based on the observation that the RA-associ- 
ated DRB1 alleles encode a common sequence of amino 
acids corresponding to residues 67-74. Several SE-posi- 
tive (SE+) DRB1 alleles have since been reported to be 
associated with RA and include the DR4 subtypes 
DRB1*0401, *0404, *0405 and *0408 as well as the 
DRB1*0101, *1 402, and *1001 alleles. Nepom [3] has 
summarized the relative risk estimates for Caucasians for 
three of the most frequent SE+ DRB1 alleles in the Cau- 
casian population. The relative risk is 6 for the 
DRB1*0401 allele, 5 for the DRB1*0404 allele and 1 for 
the DRB1 *01 01 allele. Thus, while the relative risk for indi- 
viduals carrying the DRB1*0401 allele or the *0404 allele 
is approximately five times higher compared with that for 
individuals not carrying these alleles, the DRB1*0101 



allele does not confer risk on its own. It has been debated 
whether the RA-associated DRB1 alleles are disease risk 
genes or prognostic markers for a more progressive 
disease course, and whether individuals carrying two SE+ 
DRB1 alleles either have a higher risk of developing 
disease or develop more severe disease compared with 
individuals with only one SE+ DRB1 allele (for recent 
reviews, see for example [3,4]). So far, no consensus has 
been reached in answering these questions, which have 
been addressed most recently in an unselected popula- 
tion, based study of 680 new-onset cases with inflamma- 
tory polyarthritis, of whom 404 fulfilled the American 
College of Rheumatology (ARC) criteria for RA [5]. Such a 
study seems optimal to answer these questions. The 
study confirmed the association between RA and the 
presence of any SE allele, and thus demonstrated that the 
SE allele does in fact confer susceptibility to RA even 
though the relative risk was modest (RR = 2.3). Both of 
the two most frequent DRB1*04 alleles, *0401 and 



CIA = collagen-induced arthritis; Cll = collagen type II; HLA = human leukocyte antigen; MHC = major histocompatibility complex; RA = rheumatoid 
arthritis; SE = shared epitope. 
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*0404, were significantly associated with RA, and it was 
noted that the *0404 allele apparently had the strongest 
effect, but this point was not formally proven because the 
relative risk values for these two alleles had overlapping 
confidence limits. This study also provided evidence that 
the risk conferred by carrying two SE+ DRB1 alleles was 
only slightly greater than the risk conferred by carrying one 
SE+ DRB1 allele, with the exception of SE+ combinations 
that included the DRB1*0404 allele. However, the latter 
interpretation was based on relatively few patients and 
needs confirmation. Future follow-up studies of the Norfolk 
cohort [5] will most likely provide important information 
about the possible role of SE+ DRB1 alleles in the clinical 
course of RA. 

HLA-DR or HLA-DQ as the primary risk factor 
for RA 

On the basis of observations of experimental mouse 
models of collagen-induced arthritis, Zanelli et al [6] 
advanced the provocative hypothesis; that it is HLA-DQ 
molecules that predispose to RA, whereas DR molecules 
are either permissive or protective. In the first variant of 
this hypothesis, it was proposed that it was the DQB1 
locus which was responsible for the DQ association. 
However, a comprehensive review of the literature 
demonstrated that the DQB1 association with RA is sec- 
ondary to the HLA-DRB1 association [7]. Zanelli et al [8] 
subsequently introduced a revised version of the DQ- 
association hypothesis. One of the cornerstones in this 
hypothesis was the observation that individuals carrying 
certain HLA-DQA1 alleles (DQA-RA) are highly suscepti- 
ble to developing RA. Interestingly, these DQA alleles 
were not investigated in the reported patients or con- 
trols, but their presence or absence was deduced from 
the presence of certain DRB1 and DQB1 alleles. On the 
basis of these data we have tested the RA-association of 
their DQA-RA alleles against the RA-association of the 
SE alleles (see supplementary data below) using our 
previously described method [9]. It was found that the 
SE association is still significant when stratified for the 
DQA1-RA allele combination, while the DQA1-RA com- 
bination is not significant when stratified for SE, indicat- 
ing that the association with SE is stronger than that for 
the DQA1 -RA allele combination. In a subsequent report, 
Zanelli and coworkers [10] claim to find support for their 
hypothesis by introducing a new variable: homozygosity 
for some but not all of their DQA-RA markers. But 
because these data are to some extent at variance with 
their earlier ones, support for their hypothesis is not 
evident and difficult to accept. Taken together, our analy- 
ses do not support the idea that HLA-DQ molecules play 
a major role in the general susceptibility to RA, and 
demonstrate that the strongest association in RA is with 
DRB1 genes rather than DQB1 or DQA1 genes. This 
conclusion is further substantiated by three studies that 
also found no support for HLA-DQ encoded susceptibil- 



ity in RA patients from Germany [1 1], Holland [12] and 
Australia [13]. 

HLA class II transgenic mice and RA 

The molecular basis for the HLA-DRB1 association with 
RA is still unclear. One prevailing hypothesis is that the 
RA-associated HLA-DR molecules present self-antigens 
to autoaggressive T cells, which subsequently induce an 
inflammatory response that leads to the development of 
arthritis. This hypothesis is based partly on the biological 
role of MHC class II molecules in Tcell dependent immu- 
nity and the presence of T cells in the synovial compart- 
ment, and partly on extrapolated data from other human 
HLA class II associated autoimmune disorders such as 
insulin-dependent diabetes mellitus and multiple sclerosis, 
and the animal models for these diseases. However, the 
sporadic evidence for the involvement of autoreactive 
T cells in the pathogenesis of RA [14], probably reflects 
several competing factors, some of which are related to 
difficulties in sampling T cells from RA patients. First, 
autoreactive T cells do not need to be present in large 
numbers; second, sampling generally occurs considerably 
after the inflammatory process has started, which excludes 
the analysis of T cells that are short-lived and/or play a role 
only in the initiation of the disease process; and third, 
patients are often on multiple immunomodulatory medica- 
tions that further complicate sampling and subsequent 
analysis of Tcell reactivity. Furthermore, it is likely that 
several autoantigens are targeted by inflammatory attacks, 
and that the relative involvement of these autoantigens 
may change from patient to patient and within the individ- 
ual patient as disease progresses [15]. 

To delineate the role of RA-associated DR molecules in 
immune responses possibly related to RA in a less 
complex biological setting than RA patients, transgenic 
mice expressing DR4 (DRB1*0401) and DR1 
(DRB1*0101) were generated [16,17]. It was initially 
shown that the human class II molecules in the thymus 
contributed to the selection of the mouse T cell reper- 
toire, and in the peripheral lymphoid compartment medi- 
ated T cell responses to different antigens upon 
immunization. These studies demonstrated, therefore, for 
the first time, that it is possible to generate functional 
human MHC class II transgenic mice. Of more direct rele- 
vance to RA, it was subsequently shown that these mice 
were useful for identifying T cell epitopes in proteins such 
as collagen type II (CM), which is a candidate autoantigen 
in RA. The dominant DRB 1*0401 and DRB1*0101 
restricted T cell epitope in CM was shown to correspond 
to residues 261-273 [18,19], which is interesting 
because this epitope overlaps with the dominant CM 
Tcell epitope presented by the mouse MHC class II mol- 
ecule, l-A^, associated with collagen-induced arthritis 
(CIA) [20,21]. Moreover, by defining MHC and Tcell 
receptor contacts in Cll 261-273 peptide [22] and by 
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generating a molecular model of the DRB 1*0401 mole- 
cule in complex with this peptide [23], it was directly 
demonstrated that the Cll 261-273 peptide matches the 
peptide binding specificity of RA-associated DR mole- 
cules [24]. The important question then was whether the 
Cll 261-273 peptide is recognized by T cells from RA 
patients. Two recent studies have investigated this, and 
came to different conclusions [25,26]. 

In the first study [25], Tcell proliferative responses to 
native Cll and a Cll 255-275 peptide (including the 
261-273 peptide) were examined in RA patients, 
osteoarthritis (OA) patients and healthy controls. All med- 
ications were stopped 48 h before study entry. Even 
though the peripheral blood T cell responses to native Cll 
were modest, the stimulation indices and the fraction of 
individuals with positive T cell responses were significantly 
higher in the RA group than in the OA patients and the 
healthy controls. Comparison of synovial fluid and periph- 
eral blood samples from RA patients showed that Tcell 
responses to native Cll and the Cll peptide in general were 
higher in synovial fluid than in peripheral blood, and that 
there was a good correlation between the T cell responses 
to Cll and the Cll peptide. Interestingly, those RA patients 
with a positive Tcell response to native Cll often had a 
shorter disease duration than those with negative 
responses, and positive T cells responses to Cll were sig- 
nificantly enhanced in early disease (<3 years) compared 
with late disease (>3 years). Whether this correlation also 
extends to the Cll peptide was not investigated, but is likely 
to be the case because of the observed correlation 
between T cell reactivity to native Cll and the CI! peptide. 

In the second study, fluorescent, soluble Cll 261-273 
peptide-DRB1*0401 complexes (tetramers) were used to 
search for CD4+ T cells in synovial fluid from RA patients 
[26]. The tetramers were shown to stain DRB1*0401- 
restricted and Cll 261 -273-specific T cell hybridomas in a 
specific manner, but did not stain a detectable fraction of 
synovial CD4 + T cells. This suggests that the major oligo- 
clonal CD4+ T cell expansion set in joints from this group 
of RA patients does not recognize the dominant Cll 
epitope. However, this may be partly due to the fact that 
nearly all patients were on multiple immunomodulatory 
medications on study entry, and partly due to a rather long 
disease duration in this RA group (mean duration of 
disease, 1 3.8 years; range, 5-28 years). It will be interest- 
ing to see whether tetramer stainings of T cells from RA 
patients with shorter disease duration give another result, 
and also interesting to compare tetramer staining and 
functional T cell assays directly. 

Development of humanized animal models for RA 

One of the goals in generating transgenic mice expressing 
RA-associated DR molecules was to develop humanized 
animal models for RA. Neither DRB1*0401 nor 



DRB1*0101 transgenic mice develop spontaneous arthri- 
tis [1 6,1 7], which, however, was expected as RA is a poly- 
genic disease with genetic factors other than HLA class II. 
In addition, undefined nongenetic factors are thought to 
play an important role in the development of disease [4]. 
When DRB1*0401 [22,27] and DRB1*0101 transgenic 
mice [1 9] are immunized with native Cll emulsified in com- 
plete Freund's adjuvant, the majority of the animals develop 
inflammatory arthritis, which has interesting similarities with 
RA and is more or less indistinguishable from classical CIA 
as seen in, for example, H-2q mice [28]. Somewhat surpris- 
ingly, DRB1*0401 and DRB1*0101 transgenic mice seem 
to be equally susceptible to CIA, which clearly is in con- 
trast to the situation in humans, where DR4 is. a stronger 
RA-risk gene than DR1. Furthermore, both strains develop 
severe arthritis, which is also at variance with the risk factor 
situation for RA, where DRB 1*0401 is associated with 
more severe disease than DRB1*0101 [3]. A trivial expla- 
nation for these discrepancies arises from the obvious fact 
that CIA is a disease provoked by immunization with Cll in 
complete Freund's adjuvant, and thus differs from RA. This 
powerful arthritis induction scheme may override the differ- 
ential risks and severities conferred by DRB 1*0401 and 
DRB1*0101 in humans, which may also depend on 
complex interactions with proteins encoded by other (non- 
HLA) loci. Such epistatic interactions are most likely diffi- 
cult to reproduce in transgenic mice expressing a single 
human disease-risk gene. These comparisons across the 
species barrier demonstrate that one should be cautious in 
extrapolating from humanized animal models of disease to 
actual human diseases. 

Another example of how cautious one should be in the 
interpretation of results from humanized animal models 
comes from a study on HLA-DQ8 transgenic mice [29]. 
These mice also develop a severe inflammatory arthritis 
upon immunization with Cll and complete Freund's adju- 
vant, which merely demonstrates that the DQ8 molecule is 
permissive for CIA in mice. This observation, together with 
additional data from nonhumanized animal models of CIA, 
was taken as evidence for the hypothesis that DQ8 rather 
than DR4 confers the strongest susceptibility to RA in the 
DR4-DQ8 haplotype. As already discussed, this hypothe- 
sis has very short roots in human genetics, and illustrates 
that the development of humanized animal models should 
be based on careful analyses of human genetics. 

Conclusion 

The development of humanized animal models for RA has 
so far been shown to be a feasible approach, but, even 
taken together, the models have added very little to our 
understanding of this disease. The development of a new 
generation of humanized models in which the RA-associ- 
ated HLA class II transgenes are expressed more physio- 
logically, and where additional RA susceptibility genes are 
incorporated, combined with a better understanding of the 
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nongenetic component of the disease will provide a more 
optimal setting for mechanistic studies of the disease 
process and, ultimately, the development of new drugs. 
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Supplementary data 

On the basis of Tables 2 and 3 in Zanelli et al [8], the RA- 
association of the DQA-RA marker was tested against that 
of the SE marker using a 2 x 4 table [9]. This procedure is 
illustrated here in Tables 1 and 2 on Dutch patient and 
control data from Zanelli et al [8]. It appears that both the 
DQA-RA and SE markers are quite strongly associated 
with RA. Stratification of jhe two markers shows that the 
DQA-RA marker cannot be tested in SE-positive patients 
and controls because all SE-positive individuals were also 
DQA-RA- positive, leaving no information. When testing the 
DQA-RA association in SE-negative patients and controls, 
the association is no longer significant. Conversely, when 
testing the SE association in DQA-RA-positive patients 
and controls, it appears that this association is still signifi- 
cant, indicating a stronger association with SE than with 
DQA-RA. Unfortunately, the absolute inclusion of SE in 
DQA-RA patients prohibits testing of SE in DQA-RA-nega- 
tive individuals. When combining the data on Dutch people 
with those on Swiss individuals in [8] in Table 3, the results 

Table 2 



The 2x2 analyses [9] of the data in Table 1 



Test Comparison 


a 


b c 




d 


Odds ratio 


Fisher's P value 


DQA-RA 
association 


179 


58 146 




160 


3.4 


3E-11 


SE association 


172 


65 127 




179 


3.7 


3E-13 


DQA-RA association 

in SE-positive ++ vs — h 


172 


0 127 




0 


ND 


ND 


DQA-RA association 

in SE-negative +- vs — 


7 


58 19 




160 


1.1 


NS 


SE association in 

DQ-RA-positive ++ vs +- 


172 


7 127 




19 


3.5 0.0024; Pc = 0.029 


SE association in 

DQ-RA-negative -+ vs — 


0 ! 


58 0 




160 


ND 


ND 


ND, Not defined; NS, not significant; Pc t corrected P value; a and b, numbers of patients with and without marker in question; 
controls with and without marker in question. 


c and d, numbers of 


Table 3 














Combined analyses in 2 x 2 analyses of data in Table 1 and data on Swiss patients and controls given in Zanussi et al [8] 


Test 


Odds ratio 


Significance* 


P 




Heterogeneity 1 


P* 


DQA-RA association 


3.4 


90.5 


2E-21 




1.35 


0.51 


SE association 


4.1 


102.0 


5E-24 




0.62 


0.74 


DQA-RA association in SE-positive 


ND 












DQA-RA association in SE-negative 


1.5 


1.7 


0.19 




1.2 


0.54 


SE association in DQ-RA-positive 


2.9 


12.7 


0.0004 




0.35 


0.84 


SE association in DQ-RA-negative 


ND 













ND, Not defined. * Significance for the deviation of odds ratio from unity. f Heteroengeneity between the two sets of data. * Significance for the 
heterogeneity. 



in Table 1 are further supported: the stratification proce- 
dure gives only evidence for a stronger SE than a DQA-RA 
association, and it may be noted that there is no significant 
heterogeneity between the two data sets. 



Table 1 



A 2 x 4 table of DQA-RA and SE markers in Dutch patients with 
RA and Dutch controls 


DQA-RA SE 


Patients 


Controls 


+ + 


172 


127 


+ 


7 


19 


+ 


0 


0 




58 


160 


Total 


237 


306 



Data from Zannelli ef al [8]. DQA-RA, RA-associated DQA markers as 
defined by Zaneili ef al [8]; SE, shared epitope for RA-associated HLA- 
DR markers. 
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ABSTRACT Copolymer 1 [poly(Y,E,A,K)j is a random 
synthetic amino acid copolymer of L-tyrosine, L-glutamic acid. 
L-alanine, and L-lysine that is effective both in suppression of 
experimental allergic encephalomyelitis and in the treatment 
of relapsing forms of multiple sclerosis. Copolymer 1 binds 
promiscuously and very efficiently to purified HLA-DR mol- 
ecules within the peptide-binding groove. In the present study. 
YEAK and YEAK-related copolymers and type II collagen 
(CII) peptide 261-273, a candidate autoantigen in rheumatoid 
arthritis (RA), competed for binding to RA-associated 
HLA-DR molecules encoded by DRB1*0101 and DRJr31*040T. 
Moreover, these copolymers (particularly YEAK, YAK, and 
YEK) inhibited the response of DRl- and DR4-restricted T cell 
clones to the CH epitope 261-273 by >50%. This direct 
evidence both for competitive interactions of these copolymers 
and CII peptide with RA-associated HLA-DR molecules and 
for inhibition of Cll-specific T cell responses suggests thai 
these compounds should be evaluated in animal models for 
rheumatoid arthritis. 



Rheumatoid arthritis (RA) is a common human autoimmune 
disease with a prevalence of among Caucasians (1, 2). It 
is characterized by a chronic inflammation of the synovial 
joints and infiltration by activated T cells, macrophages, and 
plasma cells (3, 4), leading to a progressive destruction of the 
articular cartilage. Inherited susceptibility to RA is strongly 
associated with the DRB1 loci encoding HLA-DR] 
(DRB1*0101) and -DR4 (DRB1*0401, DRB1*0404, or 
DRB1*0405) molecules (5-7). Residues 67-71 are polymor- 
phic in HLA-DR proteins, but these RA-related alleles share 
a common DR/3 motif in this region that contributes to the 
pocket of the peptide-binding groove (8) as well as residues 
which interact with the T cell receptor of CD4 + T lymphocytes 
(9-11). It has been proposed that RA-associated HLA-DR 
molecules confer disease susceptibility by presenting distinct 
sets of antigenic peptides derived from a synovial joint pro- 
tein(s) to CD4 + T lymphocytes (12, 13). Although the nature 
of the autoantigen(s) in RA is unknown, type II collagen (CII) 
has been proposed as a candidate because it is a major protein 
of hyaline cartila ge an d is able to ind uce arthritis re_sem^irng 
RA in g enet ically suscep tible animals ( 14-22 ). Animal models 
for collagen-induced arthritis, including mice transgenic for 
HLA-DR 1 or -DR4 (21, 22), enabled mapping of T cell 
determinants implicated in the autoimmune response to CII 
(23-25). An immunodominant T cell epitope in CII corre- 
sponding to residues 261-273 has been identified (24). 

Copolymer 1 [Cop 1, poly(Y, E, A, K), called YEAK 
hereinafter] is a synthetic amino acid copolymer effective both 
in suppression of experimental allergic encephalomyelitis (26- 
36) and in the treatment of relapsing forms of multiple 
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sclerosis (37, 38). Recently, the binding of Cop 1 to purified 
HLA-DR molecules within the peptide-binding groove has 
been reported (39). Cop 1 inhibited the binding of H A306-31S 
peptide, a high-affinitv epitope of influenza virus, to both 
HLA-DR 1 (DRB1*0101) and -DR4 (DRBT0401) molecules 
(39). Copolymers composed of only three amino acids (EAK ; 
YEA, YAK, and YEK) bound to living antigen-presenting 
cells (APCs) of both mouse and human origin and were 
cross-reactive with Cop 1 at the T cell level (M.F.-H., R. 
Aharoni, D. Teitelbaum, R. Arnon, M. Sela, and J.L.S., 
unpublished observations). In view of the possible therapeutic 
applications of Cop 1 or related copolymers in RA, it was 
important to determine whether these compounds compete 
with CII for binding to HLA-DR 1 and -DR4 molecules. In the 
present report, the competition of Cop 1 and other copolymers 
with CII261-273 peptide for binding to RA-associated HLA- 
DR1 and -DR4 molecules was established. Moreover, these 
copolymers (particularly YEAK, YAK, and YEK) inhibited 
the response of DR1- and DR4-restricted T cell clones to the 
CII261-273 epitope. These findings provide direct evidence 
for competitive interactions between these copolymers and CII 
peptide for binding to R A-associated HLA-DR molecules and 
for inhibition of the Cll-specific T cell response, suggesting the 
possible utility of these compounds in the treatment of RA. 

MATERIALS AND METHODS 

Protein Expression and Purification. Recombinant HLA- 
DR1 and -DR4 molecules were expressed in Drosophila S2 
cells as described (11, 40). Cells were grown in roller bottles in 
ExCell 401 medium (Sigma) supplemented with 0-5% fetal 
bovine serum (Sigma) at 26°C. Cells were harvested 4-5 days 
after induction by 1 mM CuS0 4 . Immunoaffinity purification 
of recombinant HLA-DR1 and -DR4 molecules was per- 
formed as reported (11). Briefly, supernatant from harvested 
cells was sequentially passed through protein A, protein G, and 
protein A-LB3.1 columns, followed by elution of the bound 
HLA-DR with 50 mM 3-(cyclohexylamino]-l-propanesulfonic 
acid (CAPS) (pH 11.5); next, the supernatant was neutralized 
with 200 mM phosphate (pH 6.0). Proteins were concentrated 
on a Centriprep 10 membrane (Amicon). 

Peptides and Proteins. Cop 1 (YEAK) is a synthetic random 
copolymer prepared by polymerization of the yV-carboxyanhv- 
drides of L-tyrosine, y-benzyl-L-glutamate, L-alanine, and £,A>- 
trifluoroacetyl-L-lysine (26); the end product is a mixture of 
acetate salts of random polypeptides. EAK, YEA, YAK, and 
YEK were synthesized similarly. The following copolymers 
were synthesized by Teva Pharmaceutical Industries (Petach 
Tikva, Israel): Cop 1. YEAK ; batch 55495 in the molar ratio 
of 1 Y: 1.5 E: 4.S A: 3.7 K. with an average molecular weigh! 



Abbreviations: RA, rheumatoid arthritis; CII, type II collagen; Cop 1. 
copolymer 1, YEAK; HA. influenza virus hemagglutinin; MW, mo- 
lecular weight; IL, interleukin; APC, antigen-presenting cell. 
^To whom reprint requests should be addressed at: Department of 
Molecular and Cellular Biology, Harvard University, 7 Divinity 
Avenue, Cambridge, MA 0213S. e-mail: jlstrom@fas.harvard.edu. 
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(MW) of 5,800 or batch 52596 in the molar ratio of 1 Y: 1.5 E: 
4.3 A: 3.3 K. MW 8.150; EAK, batch SD-1 689 in the molar ratio 
of 1.2 E: 43 A: 3 K, MW 8,850; YEA. batch SD-1690 in the 
molar ratio of 1 Y: 0.6 E: 3 A, MW 7,600: YAK. batch SD-1691 
in the molar ratio of 1 Y: 4.3 A: 3.1 K, MW 20,000: and YEK. 
batch SD-1697 in the molar ratio of 1 Y: J E: 3 K, MW 1 1.050. 

Peptides were synthesized by using solid phase techniques 
(41) on an Applied Biosystems Peptide Synthesizer and 
were purified bv RP-HPLC. Peptide sequences were 
HA306-318, PKYVKQNTLKLAT (MW 1,718) and CII261- 
273. AGFKGEOGPKGEP (MW 1,516). 

Peptide Labeling. Biotinylation of YEAK. EAK ; YEA, 
YAK, and YEK was performed with excess A'-hydroxysuccin- 
imide biotin (Sigma) in dimethyl sulfoxide as described (34). 
Unreacted biotin was removed by dialysis (Spectra/Por mem- 
brane MWCO 500, Spectrum Medical Industries). 

Assays lor Peptide Binding to Class II Major Histocompat- 
ibility Complex Proteins. Solutions. The solutions used in this 
assay are the following: binding buffer (20 mM Mes/140 mM 
NaCl/0.05% NaN 3 , pH 5.0) unless otherwise specified, PBS 
(150 mM sodium chloride/7.5 mM sodium phosphate, dibasic/ 
2.5 mM sodium phosphate, monobasic, pH 7.2), Tris-buffered 
saline (TBS) (137 mM sodium chloride/25 mM Tris, pH 
8.0/2.7 mM potassium chloride); and TBS plus 0.05% Tween 
20. 

Microliter assay plate preparation. The 90-well microtiter 
immunoassay plates (Pro-Bind, Falcon) were coated with 1 
Mg/well of affinity-purified LB3.1 mAb in PBS (100 fx\ total) 
for IS h at 4 C C. The wells were then blocked with TBS/3% BSA 
for 1 h at 37 C C and washed three times with TBS plus 0.05% 
Tween 20. Before sample addition, 50 /xl of TBS/1% BSA was 
added to each well. 

Inhibition reactions. Biotinylated YEAK, YEA, YAK, EAK, 
or YEK at a final concentration of 1.5 jllM in 50 ^.1 of the 
binding buffer was coincubated with unlabeled inhibitors 
(YEAK, YEA, YAK, EAK, YEK, CII261-273, or HA306- 
318) and HLA-DR molecules for 40 h at 37 C C. 

Detection of class II major histocompatibility complex protein / 
peptide complexes. Bound peptide- biotin was detected by using 
streptavidin-conjugated alkaline phosphatase as follows: 
Plates were washed three times with TBS plus 0.05% Tween 20 
and incubated with 100 /ul of streptavidin-conjugated alkaline 
phosphatase (1:3,000, Bio-Rad) for 1 h at 37°C, followed by 
addition of>-nitrophenyl phosphate in triethanolamine buffer 
(Bio-Rad). The absorbance at 410 nm caused by released 
p-nitrophenyl phosphate was monitored bv a microplate 
reader (Dynatech MR4000). 

T Cell Hybridomas and Antigen Presentation Assays. The 
following mouse T cell hybridomas specific for CI I were used: 
HLA-DRl-restricted 3.19 and 19.3 clones (22) and HLA-DR4- 
restricted 3838 and D3 clones (25). APCs were L57.23 [L cells 
transfected with HLA-DR1 (22)], L cells transfected with 
HLA-DR4 (42). and Priess cells (DRB1*0401 /DRB4*0101). T 
cell stimulation experiments were performed in 96-well mi- 
croliter plates in a total volume of 0.2 ml. Irradiated (3.000 rad) 
APCs (2.5 X l0 4 /well) were coincubated with CII261-273 (40 
jig/ml) and varying concentrations of copolymers for 2 h at 
37°C: next T cells (5 X 10 4 /well) were added and incubated for 
24 h at 37°C. Supernatants (30 /llI) were taken and incubated 
with interleukin 2 (IL-2)-dependent CTLL cells (5 X 10 4 /well) 
for 12 h, followed by labeling with [ 3 H]thymidine (1 MCi/well) 
for 12 h. Plates were harvested, and the radioactivity was 
monitored by using a 1450 Microbeta Plus liquid scintillation 
counter (Wallac, Gaithersburg, MD). 

RESULTS 

Inhibition of Binding of Random Synthetic Copolymers to 
Recombinant HLA-DR1 and -DR4 Molecules by CH261-273 
Epitope. Three different preparations of Cop 1 (YEAK) 



bound to purified HLA-DRl, -DR2, and -DR4 molecules with 
high affinity and in a peptide-specific manner (39). Recently, 
copolymers composed of only three amino acids YEA, YEK : 
YAK, and EAK were also shown to bind these HLA-DR 
molecules with high affinity and to compete with Cop 1 for 
binding (M.F.-H.. R. Aharoni, D. Teitelbaum, R. Arnon, M. 
Sela, and J.L.S., unpublished observations). To determine 
whether YAK, YEK, YEA, or YEAK competed with the 
RA-associated epitope CII261-273 for binding to HLA-DR] 
or -DR4 molecules, recombinant water-soluble HLA-DRl and 
-DR4 proteins (encoded by DRA/DRB1*0101 and *0401 : 
respectively) were employed (EAK was excluded from the 
study because its binding to and competitive efficiency for 
HLA-DRl and -DR4 was low). Competitive binding assays 
were carried out with biotinylated YEAK, YAK, YEA, or 
YEK and unlabeled inhibitors (YEAK, YAK, YEA, YEK. 
CII261-273, or HA306-318 peptide) (Fig. l).The bindina of 
biotinylated YEAK, YEA, or YAK to HLA-DRl or -DR4 
molecules was iess well inhibited by the CII261-273 epitope 
than was the binding of YEK, as expressed by higher IC 5( , 
values for the CI1 peptide. HA306-31S inhibited the binding 
of each copolymer more efficiently than did CII261-273 (Fig. 
1 A and B and Table 1), but the inhibition of binding of the 
various biotinylated copolymers was in the same order with 
YAK and YEAK as the best competitors (i.e., higher IC 5t) 
values for the HA peptide). These experiments indicate that 
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Fig. 1 . Inhibition of binding of biotinylated copolymers to recom- 
binant HLA-DRl {A) and -DR4 (B) molecules by different compet- 
itors. Recombinant water-soluble HLA-DRl or -DR4 molecules (0.15 
MM) were incubaied with biotinylated YEAK (MW 5,800), YEK (MW 
11,050), YAK (MW 20,000), or YEA (MW 7,600) (1.5 y,M) in the 
presence of unlabeled copolymers, HA306-31S, or CII261-273 at a 
range of concentrations. AH incubations were carried out in duplicate 
at pH 5.0 for 40 h at 37°C The amount of bound biotinylated 
copolymer ( assay ligand) was measured as described. Specific binding 
is expressed as the percentage of inhibition by using the following 
formula: percentage of inhibition = 100% - [(absorbance at 410 nm 
with competitor - background)/(absorbance without competitor - 
background) x 100]. The signals at 410 nm without competitor were 
0.91-0.95, and the background was 0.17. 
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Table 1. IC50 for inhibition of binding ol copolymers to 
recombinant HLA-DR1 and -DR4 molecules bv antigenic peptides 



Biotinylated 
copolymer* 


HLA-DRl ' 


HLA- 


-DR4 


CII261-273 


HA306-31S 


CI1261-273 


HA306-31S 


YEAK 


40.0* 


3.5 


40.0 


10.5 


YEK 


0.8 


0.4 


2.0 


«0.1 


YAK 


40.0 


10.5 


40.0 


10.5 


YEA 


ND§ 


ND 


23.0 


«0.1 



*Recombi nant HLA-DRl and -DR4 molecules were purified as 
described. 

tYEA'K with an average MW of 5.S00; YAK. MW 20.000; EAK, MW 
S.S50; YEA, MW 7,600; and YEK. MW 11.050 (1.5 M M)'were 
incubated with CII261-273 or HA306-31S peptides at a range of 
concentrations and with purified HLA-DRl and -DR4 molecules ai 
pH 5.0 followed by capture with class 11-specific mAb and peptide 
detection with alkaline phosphatase-streptavidm. 

?Data are presented as IC50 (mM. inhibitory concentration of CII 01 
HA peptide giving 50% inhibition of the binding of biotinylated 
copolymers). These values were calculated based on the competitive 
binding assays (Fig. 1) (i.e. the higher the IC511 of the peptide, the 
more effective the copolymer in competing lor binding of the 
peptide). 

§ND, not determined. 

random copolymers compete with and prevent binding of the 
autoantigenic epitope CII261-273 to R A-associated HLA- 
DRl or -DR4 molecules. 

Inhibition of HLA-DRl- and -DR4-Restricted Cll-Specific 
T Cell Response by Random Copolymers. To determine 
whether YAK, YEK, YEA, or YEAK could also inhibit 
presentation of the CII261-273 peptide to autoreactive T cells, 
Cll-specific T cell hybridomas restricted to HLA-DRl (3.19 
and 19.3) (22) and HLA-DR4 (3838 and D3) (25) were 
examined. Irradiated APCs were incubated with CII261-273 
and relevant copolymer for 2 h before T cells were added for 
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FiG. 2. Inhibition of IL-2 production by HLA-DRl-restricted, 
Cll-specific T cell hybridomas in the presence of different copolymers. 
Irradiated L57.23 cells were coincubated in duplicate with CI1261-273 
(40 jug/ml) and varying concentrations of copolymers for 2 h at 37°C; 
next, T cells (clones 3.19 or 19.3) were added and incubated for 24 h 
at 37°C Supernatants (30 fx]) were incubated with IL-2-dependent 
CTL-L as described. Data are presented as the percentage of inhibition 
of CTL-L proliferation by using the following formula: percentage of 
inhibition = 1 - [(cpm in the presence of inhibitor - background)/ 
(cpm in the absence of inhibitor - background) x 100]. 



24 h. and supernatants were tested for IL-2 secretion by these 
hybridomas. YAK was the most potent inhibitor of HLA-DR1- 
restricted T cells, by using L fibroblasts transfected with 
HLA-DRl as APCs for the Cll peptide, whereas the other 
copolymers inhibited the response less efficiently (Fig. 2). A 
similar pattern of activity was obtained for HLA-DR4- 
restricted T cells by using either Priess or L fibroblasts 
transfected with HLA-DR4 as APCs (Fig. 3 A and B). Thus, 
based on these data, the ability of random copolymers to 
compete with the potential autoantigenic C1I261-273 peptide 
presented to the Tcell hybridomas is expressed in the following 
order: YAK > YEK >* YEAK » YEA. 

DISCUSSION 

In this report, direct evidence for inhibition of the Cll-specific 
T cell response by 4- and 3-aa random synthetic copolymers is 
provided, based on competition for binding to RA-associated 
HLA-DRl and -DR4 molecules and on decrease in IL-2 
production by HLA-DRl- and -DR4-restricted T cell hybrid- 
omas in the presence of these copolymers. 

Previous findings suggested that the activity of Cop 1 in 
experimental allergic encephalomyelitis and multiple sclerosis 
involves binding to class II major histocompatibility complex 
molecules within the peptide-binding groove, where it may act 
either as a blocking peptide or as an antagonist or partial 
agonist, resulting in suppression of autoimmune T cell re- 
sponses (39). Here, the binding of Cop 1 to RA-associated 
HLA-DRl (DRB1*0101) and -DR4 (DRB1*0401) molecules 
was competed by the peptide determinant CI1261-273, a 
candidate autoantigen in RA. In addition to Cop 1 (YEAK), 
copolymers of three amino acids, in particular YAK and YEK, 
which were shown to bind purified HLA-DRl and -DR4 
molecules with high affinity (M.F.-H., R. Aharoni, D. Teitel- 
baum, R. Arnon, M. Sela, and J.L.S., unpublished observa- 
tions), competed for binding with Cll peptide very efficiently. 
In these binding experiments, recombinant "empty" HLA- 
DRl and -DR4 molecules were employed, with no interfer- 
ence from the endogenous peptides, as opposed to previouslv 
analyzed HLA-DRl and -DR4 molecules, of which only 10- 
20% are available for exogenous peptide binding (43); this 
alteration resulted in different binding affinities for the co- 
polymers in these two reports. In addition, the use of empty 
molecules may account for differences in the affinity of 
CI1261-273 binding in the competitive assays with various 
copolymers. Previous reports have determined the require- 
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Fig. 3. Inhibition of IL-2 production by HLA-DR4-restricted ; 
Cll-specific Tcell hybridomas in the presence of different copolymers. 
Irradiated Priess cells (A) or L cells transfected with HLA-DR4 (B) 
were coincubated in duplicate with CII261-273 (40 jLtg/ml) and varying 
concentrations of copolymers for 2 h at 37°C: next, T cells (clones 3S3S 
or D3) were added and incubated for 24 h ai 37°C. Results represent 
the mean 3 SD of two independent experiments. Other details are 
described in the legend to Fig. 2. 
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ments for C1I261-273 epitope binding to DRB1*0401 as welt 
as T cell receptor contact residues by using human DR4 
purified from Priess cells (24, 25). In these studies, Phe 263 of 
the CII261-273 peptide was aligned to the PI pocket and Gin 
266 was aligned to the P4 pocket of the HLA-DR4-binding 
groove, in agreement with peptide-binding requirements for 
these pockets (44). The core of the T cell determinant wa>. 
found to be similar for HLA-DR1 and -DR4 alleles (22, 24). 
Because the PI pocket of both DR1 and DR4 molecules can 
accommodate Y, any of the random copolymers (YEAK. 
YAK, or YEK) would have the potential to block the CI1261- 
273 binding. 

The inhibitory concentrations of YAK (0.05-0.7 mg/ml). 
YEAK (0.2-0.8*5 mg/ml), and YEK (0.23-0.73 mg/ml) thai 
reduced the secretion of 1L-2 by HLA-DRl- and -DR4- 
restricted T cell hybridomas (1C 50 ), were higher than those of 
different defined antigenic peptides usually used for inhibition 
of binding to major histocompatibility complex proteins (45- 
47). However, these concentrations were within the range 
reported to inhibit both myelin basic protein-specific (32, 33) 
or proteolipid protein-specific (35) T cell lines and clones by 
Cop 1 (YEAK) and antigen-specific T cell activation by 
different random copolymers (48) (0.1-0.5 mg/ml). This may 
be caused by the fact that these copolymers are mixtures of 
random polypeptides; consequently, each component is un- 
derrepresented in the mixture, requiring higher molar amounts 
to obtain the inhibitory effect. Further studies, particularly in 
vivo studies in murine arthritis models, will indicate whether 
any of these compounds are potentially useful in the treatment 
of RA in humans. 
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Abstract 

Motivation: The identification of T-cefl epitopes can be 
crucial for vaccine development. An epitope is a peptide 
segment that binds to both a T-cell receptor and a major 
histocompatibility complex (MHC) molecule. Predicting 
which peptide segments bind MHC molecules is the first step 
in epitope prediction. 

Results: An iterative stepwise discriminant analysis meta-al- 
gorithm explores a large molecular database to derive 
quantitative motifs for peptide binding. The applications 
presented here demonstrate the algorithm's versatility by 
producing four closely related models for HLA-DR1. Two 
models use an expert initial estimate and two do not; two 
models use amino acid residues as the only predictors and , 
two use amino acid groupings as additional predictors. Each 
model correctly classifies >90% of the peptides in the 
database. 

Availability: Software is available commercially; data are 
free over the Internet. 
Contact: ronna @ ucsfresno. edit 

Introduction 

Class II major histocompatibility complex (MHC) mol- 
ecules play an essential role in the body's immune response 
to pathogens. Once an antigen-presenting cell (macrophage, 
dendritic cell or B lymphocyte) captures an extracellular pa- 
thogen, the protein component is degraded into peptide frag- 
ments. Class D MHC molecules in the cell's interior bind to 
selected peptide fragments designated antigenic peptides or 
epitopes. The epitope/MHC complex travels to the cell sur- 
face where the MHC molecule displays the epitope to nearby 
CD4 T lymphocytes. When a CD4 T lymphocyte binds to an 
epitope/MHC complex, an immune response is initiated. 

Each binding peptide is comprised of a linear arrangement 
of amino acid residues. Knowledge of the amino acid se- 
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quence of an epitope is useful in vaccine development and 
increases general understanding of the immune system. 
Finding a pattern or motif among epitopes that bind a particu- 
lar MHC molecule allows for epitope prediction. A predic- 
tive model can be used to screen large numbers of potential 
binding peptides, thus reducing laboratory time and costs. 

The challenge of predicting peptide/MHC binding in- 
volves numerous molecules and peptides. HLA, the human 
MHC molecule, is highly polymorphic. Over 200 types of 
HLA class 1 and class II molecules have been identified; 
however, many have been shown to share overlapping bind- 
ing repertoires (Southwood et al., 1998). Each position in a 
peptide fragment is occupied by one of 20 amino acid resi- 
dues. Thus, a peptide of length n has 20" possible configur- 
ations. 

The class II MHC binding site has been shown to bind li- 
gands of 9-25 residues. X-ray crystallography reveals that 
the binding site is open at both ends (Brown et al., 1993; 
Stem etcil., 1994). Consequently, given a class II MHC bind- 
ing peptide, it is not known which segment is involved in the 
binding. An algorithm for motif derivation must involve 
proper alignment as well as motif extraction. 

O'Sullivan et al. (1991a,b), Chicz et at. (1992), Krop- 
shofer et al. (1992), Hammer et al. (1992, 1993), Falk et al. 
(1994), Fleckenstein et at. (1996) and Southwood et al. 
(1998) have studied the binding properties of the class II 
MHC allele HLA-DR1. In previous studies (Maliios, 1997, 
1998), the present author introduced a data-driven procedure 
for predicting class II MHC binding with or without the use 
of an initial suggested motif. 

This study utilizes a large Internet database. The four mo- 
dels developed for HLA-DR1 demonstrate the algorithm's 
versatility. Models can be developed with or without an ex- 
pert initial estimate. The set of predictors can be limited to 
individual amino acid residues or can be extended to include 
residue groupings and other amino acid attributes. 
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Systems and methods 
MHCPEP database 

The MHCPEP database (Brusic et «/., 1997) is a source for 
peptides known to bind MHC molecules, h is located on the 
Internet at http://wehih.wehi.edu.au/mhcpep/. The descrip- 
tion reads: 'MHCPEP is a curated database comprising over 
13000 peptide sequences known to bind MHC molecules. 
Entries are compiled from published reports as well as from 
direct submissions of experimental data. Each entry contains 
the peptide sequence, its MHC specificity and, when avail- 
able, experimental method, observed activity, binding affin- 
ity, source protein, anchor positions, and publication refer- 
ences.' The 526 peptides that bind DR 1 were downloaded for 
analysis in this study. 

A database published by O'Suihvan et al. (1990) provides 
sets of non-binding peptides for DR1, DR2, DR5 and 
DR52a. Ninety-eight peptides that do not bind DR1 were ob- 
tained from this source. 

The data-sets 

The models developed here explore subsequences of length 
nine. Nine was selected for modeling DR1 because (i) many 
previous studies suggest motifs of length nine and (ii) the 
shortest sequences in the MHCPEP database tharbind DR1 
consist of nine amino acid residues. 

The unique strategy employed here depends on building 
two working data-sets of subsequences: one set of probable 
binders and one set of probable non-binders. The non-bind- 
ing data-set remains constant throughout the process. Based 
on the assumption that all subsequences of a non-binding 
peptide are themselves non-binding ? the non-binding data- 
set contains all subsequences of length /?, of all non-binding 
peptides. 

For example, HEL 91-106 (SVNCAKKJVSDGDGMN) 
does not bind DR1. Thus, for n = 9, the subsequences 
SVNCAKKIV, VNCAKKlVS. NCAKKTVSD, CAK- 
KIVSDG, AKKJVSDGD, KKIVSDGDG, KIVSDGDGM 
and TVSDGDGMN are all entered into the non-binding data- 
set. All duplicate subsequences are deleted from the non-bind- 
ing data-set. The 98 non-binding peptides produce 676 unique 
subsequences of length nine. 

The binding data-set, on the other hand, is dynamic and 
changes from iteration to iteration. It is hoped that each suc- 
cessive iteration selects subsequences from the binding se- 
quences that more accurately reflect the true binding motif. 
The initial binding data-set can be constructed on the basis 
of a suggested binding motif or reflect the entire database. 

The initial binding data-set 

The P1-P6 anchor motif utilized by Southwood etal. (1998) 
provides the initial estimate for the first model. A point is 



scored for Y, F, W, L, I, V or M in position 1 , and S, T, C, A, 
P. V, 1. L or M in position 6. For each binding peptide, the 
subsequence with the highest score is entered into the initial 
binding data-set. If the highest score is shared by more than 
one subsequence, they are all entered. 

For example, the DR1 binder hemagglutinin 306-318 
CPKYVKQNTLKLAT) has five subsequences of length 
nine. The subsequences and their scores are PKYVKQNTL 
(0). KYVKQNTLK (0), YVKQNTLKL (2), 
VKQNTLKLA (2) and KQNTLKLAT (0). Thus, 
YVKQNTLKL and VKQNTLKLA are both entered into the 
initial binding data-set. All duplicate subsequences are de- 
leted from the initial binding data-set. < 

For the second model, the initial binding data-set is con- 
structed without a suggested motif. In this method, similar to 
building the non-binding data-set, every subsequence from 
every binding peptide is entered into the initial binding data- 
set. Thus, for the binding peptide PKYV KQNTLKLAT, all 
five subsequences PKYVKQNTL, KYVKQNTLK, 
YVKQNTLKL, VKQNTLKLA and KQNTLKLAT enter 
the initial binding data-set. Again, duplicate subsequences 
are deleted from the initial binding data-set. In addition, all 
subsequences occurring in both the initial binding data-set 
and the non-binding data-set are deleted from the initial bind- 
ing data-set. 

Stepwise discriminant analysis 

Given two mutually exclusive sets, stepwise discriminant 
analysis (SDA) (Dixon et aL, 1990) builds a Bayesian discri- 
minant function that classifies each element into one of the 
two sets. Specifically, an element is assigned to a set if the 
Bayesian posterior probability of belonging to that set ex- 
ceeds the probability of belonging to the complementary set. 
Arguments for the function are selected from a list of poten- 
tial predictor variables. 

At Step 0, an F statistic from a one-way analysis of vari- 
ance is computed for each potential predictor variable to esti- 
mate which variable will most accurately separate the sets. 
The variable with the highest F-value is entered into the dis- 
criminant function. In a stepwise manner, additional vari- 
ables are entered into the discriminant function until the F- 
values of all remaining variables are below a given mini- 
mum. In this study, the minimum F-value required for model 
entrance is set at 3.5. 

The jack-knife method of cross-validation (Afif and Clark, 
1990) is used. It is a special case of the general cross-validation 
method in which the classification functions are computed on 
a subset of cases, and the probability of misclassification is esti- 
mated from the remaining cases. In die jack-knife method, the 
first case is set aside while a classification function is computed 
on all remaining cases. Tine first case is evaluated by the classi- 
fication function and tallied as being correctly or incorrectly 
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INITIALIZATION 

Dutld Non-bimJini! Daia-scr fcmei every Sub-sequence of length n from each non-bindinu peptide 
' Build Initial Binding Data -set: Use Su^ested Moiil'Meihod 01 Nu Motif Method 

Duild Current Model usinu Stepwise Discriminant Analysts and the above mentioned data-sets 

t 

] 

Build Cuneni Binding Daia-sci, Using ttic Current Model, seletl best sub-sequence of length n from each bindtny peptide 



5T0PWISE DISCRIMINANT ANALYSIS 
Build New Model usiny Stepwise Discriminant Analysis, the Current Binding Data-sei. and the Non-binding Data-set 




Fig. 1. The iterative algorithm 



classified. The process continues with die second case until each 
case has been left out in aim and classified. 

In this study, the two mutually exclusive sets are the binding 
data-set of subsequences and the non-binding data- set of subse- 
quences. For the purposes of SDA, elements of the binding data- 
set are assigned an outcome categorical value of 1 and elements 
of the non-binding data-set are assigned an outcome categorical 
value of 0. 

The potential predictor variables for each case (subsequence) 
describe the biochemistry and position of each amino acid resi- 
due. If YVKQNTLKL j s the subsequence of PKYVKQN- 
TLKLAT that binds DR1. the binding can be depicted by: 

123456789 
YVKQNTLKL 

Predictor variables A1,C1,...,Y1 refer to amino acid resi- 
dues in position 1 ; A2, C2, . . Y2 refer to residues in position 
2, etc. The single-letter abbreviations for amino acid residues 
are ordered alphabetically. For a given case (subsequence), 
potential predictor variables are assigned a 1 if the designated 
residue occupies the position in question, a 0 if it does noi. 

For the current example, YVKQNTLKL, Yl = V2 = K3 
= Q4 = N5 = T6 = L7 = KS = L9 = 1, while Al ... WJ = C2 
...T2 = W2 ... Y2 = A3 ... 13 = L3... Y3 = A4 ...P4 = R4 
... Y4 = A5 ... M5 = P5 ... Y5 = A6 ... S6 = V6 ... Y6 = 
A7 ... K7 = M7 ... Y7 = AS ... 18 = L8 ... Y8 = A9 ... K9 
= M9 ... Y9 = 0. 

When SDA is performed on the database of outcome vari- 
ables and associated predictor variables, the result is a math- 
ematical classification function of the form: 



u = bo + b | V j + bo \>2 + • - ■ + bi V; 

where /' is the number of steps, vj through v, are the predictor 
variables selected by SDA, and bo through bi are coefficients 
determined by SDA. Subsequences in the binding data-set 
will generally have large values of h, while subsequences in 
the non-binding data-set will generally have small values of 

Li. 

A convenient aspect of SDA is that the classification func- 
tion can be converted into the probability of set membership. 
The probability (P) that a subsequence belongs to the binding 
set is determined by the following equation: 

/>= 1/(1 + e -") 

The decision rule for classification is based on the prob- 
ability of set membership. Most commonly, a value ofP> 0.5 
is utilized. 

The iterative algorithm 

A diagram of the iterative algorithm is shown in Figure 1. It 
is first necessary to select a sequence length, n, as there wilt 
be a different resulting model for each value of n. The initial 
binding and non-binding data-sets are filled with subse- 
quences of length n. SDA is performed utilizing the outcome 
and predictor variables defined above. While the non-bind- 
ing data-set remains constant, the resulting SDA classifica- 
tion function is used to select the best subsequences for the 
next binding data-set. SDA is applied again and the process 
is repeated until the new classification function is the same 
as the previous function. 
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Algorithm implementation and results 

For the model using the P1-P6 anchor motit as an initial esti- 
mate, the first application of SDA yields the following math- 
ematical classification function which becomes the current 
model in the algorithm diagram: 

« = -5.7S h- 1.14 Al +3.90F1 + 3.63 II + 3.89 LI + 3.S5 
Ml + 0.S7 PJ + 4.62 Yi + 3.85 Wl + 4.22 YJ - J. 87 C2 - 
LOS E2-0.99 G2- J.50H2- 1.36P2-0.S7 S2 + 1.64 W2 
+ 1.18 A3 + 2.10 F3 + 0.93 K3 + 1.73 L3 + LOS M3 + 1.06 
Q3 + 0.94 R3 + 2.47 Y3 + 1.56 A4 + 1.35 L4 + 2.02 M4 + 
1 .76 Q4 - 1 .27 T4 + 0.93 V4 - 2.80 W4 + 1 .20 L5 + 1 .89 M5 
+ 3.08 A6 + 1.82 C6- 1.57 E6 + 2.87 16+ 3.54 L6 + 3.39 
M6+ 1.77 P6 + 2.39 S6 + 2.00T6 + 3.02 V6 - 1 .2 1 D7- 1.26 
E7- 1.02 K7- 1.20 N7 + 1.86 FS+ 1.16 IS + 1.17 LS + 1.49 
V8+ 1.45 A9+ L75F9+ 1.63 19+ 1.86 L9 + 1.19 09+ 1.16 
R9 + 2.08 V9 

A direct interpretation of this model would be as follows: 
DR1 binding is strongly encouraged by F, 1, L, M, V, W, Y 
in position L and A, L, M, V in position 6. The influence of 
the P1-P6 motif is apparent. Since the predictor variables are 
either 1 or 0 (present or absent), the classification function 
can be replaced by an alignment matrix. Henceforth, results 



will be reported in matrix form where matrix elements are 
weights to be added to calculate the binding score. 

Applying this SDA classification function to the five 
subsequences of PKYVKQNTLKLAT yields the following: 

w(PKYVKQNTL) = -5.78 + 0.87 + 2.47 + 0.93 - 1.20 + 
1.86 = -0.85 

k(KYVKQNTLK) = -5.7S + 1.17 = - 4.61 

w(YVKQNTLKL) = -5.78 + 4.22 + 0.93 + 1.76 + 2.00 + 
1.86 = 4.99 

//(VKQNTLKJLA) = -5.78 + 4.62 + 1.06 + 3.54 - 1.02 + 
1.17+1.45 = 5.14 

h(KQNTLKLAT) - -5.7S - 1.27 + 1.20 = -5.85 

Since w(VKQNTLKLA) is the largest, VKQNTLKLA is 
entered into the current binding data-set. The current binding 
data-set is complete when this selection process has been re- 
peated for all binding sequences. A new model is built using 
SDA, the current binding data-set and the stable non-binding 
data-set. The entire process is repeated until termination at 
the twelfth iteration, when the resulting new model is ident- 
ical to the model of the eleventh iteration. The models are 
equal because the selected subsequences of the binding pep- 
tides have stabilized. 



Table 1. Final DR1 classification model using the PI -PC anchor motif as the basis for selecting the initial binding data-set. Coefficients converged on the 
eleventh iteration 



Residue Position 



con = -10.20 


J 


2 


3 


4 


5 


6 


/ 


8 


9 


A 




1.52 


1.65 


3.2? 




1.56 




1.78 


" 2.88 


C 




















D 




















E 












-2.90 


-2.13, 






F 


6. IK 


2.56 


3.47 










2.78 




G 










-1.29 




1.13 






H 
1 


2.75. 










-3.33 






5.39 


K 




2.38 


1.4! 






-2.71 








L 


1.98 




3.54 


2.45 


1.54 






2.29 


5.33 


M 


5.57 






3.77 


6.47 


2.44 








N 
















-1.81 




P 




















0 








3.76 










1.59 


R 




2.70 


1.42 






-2.45 




1.30 


2.10 


S 












1.17 








T 








-1.93 












V 


8.86 


1.58 










3.95 






w 


4.77 


5.62 




-3.54 










-3.23 


Y 


7.52 


2.19 


4.43 




1.98 
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Table 2. Final DR1 classification model using no prior information to select the initial binding data-set. Coefficients converged on the fifteenth iteration 



Residue Position 



con = -I0.S7 12 3 4 567 S 9 

A 477 2.S6 1.4? 2.53 3.09 

C 

D -1.70 

^ -1.53 -2.59 -2.27 

F 4.26 4.94 4.10 _2.«5 

C ' -1.20 2.00 

H . 

1 2.79 10.S: 

K 2.67 -3.55 

L 1.50 1.47 2.2S 1.78 2.19 S.27 

M 6.10 5.19 3.93 2.29 

N -1.5S 
p . ( 1.13 

O 2.37 2.90 1.97 

R 2,46 -2.67 2.00 1.63 

s 2.25 -1.52 

T 

v 3.22 3.32 1.40 2.53 4.55 4.70 

W 4.68 4.17 

Y 5.46 3.78 6.26 -2.48 2.35 



Table 3. Performance of final DR1 classification models utilizing amino acid residues as predictors. Non-binders are classified by subsequence in order to 
evaluate validitv 



Initial estimate 


Classification method 


Sensitivity 


Specificity 


Accuracy 


P1-P6 anchor motif 


Final model 


96.8% (509/526) 


95.3% (644/676) 


95.9% (1153/1202) 




Jack-knife 


95.1% (500/526) 


93.8% (634/676) 


94.3% (1134/1202) 


No motif 


Final mode! 


97.3% (512/526) 


95.4% (645/676) 


96.3% (1 157/1202) 




Jack-knife 


96.6% (508/526) 


93.9% (635/676) 


95. 1 %'( 1143/1202) 



Table i presents the final classification model using the 
P1-P6 anchor motif as the initial estimate, while Table 2 
shows results using no initial motif. Two tables are presented 
to summarize the classification performance of the models. 
Both tables use the decision rule that P > 0.5 predicts that a 
subsequence will bind DR1. The results in Table 3 are taken 
directly from the computer output. Non-binders are reported 
as subsequences and jack-knife validation classifications are 
presented. Table 4 reports non-binders as peptides. The spe- 
cificity and accuracy that are reported in Table 4 more real- 
istically represent the true nature of the problem under inves- 
tigation. However, there are no jack-knife results available 
for the peptide scenario because the computer program re- 
ports only summary results for the jack-knife procedure. As 
such, it is not possible to determine whether two missclassi- 
fied subsequences belong to the same peptide or to different 
peptides. Thus, Table 3 evaluates the validity of the models, 
and Table 4 evaluates specificity and accuracy. 

The suggested motif method and no motif method generate 
models with similar predictors (Fl, Vl.Wl, YL A2?F2, K2, 



R2, V2, W2 T Y2. F3, L3, Y3, A4, L4, M4, Q4, -G5, L5, M5, 
Y5, -E6, -K6 ; M6, -R6, -E7, G7, A8, LS, -N8, R8, A9, 19, 
L9 and R9) and similar performance. The fact that the two 
methods appear to converge suggests that the no motif 
method yields a realistic model. 

Extending the list of possible predictors 

The list of possible predictors can be augmented with di- 
chotomous and continuous variables that characterize at- 
tributes of amino acid residues. Of the many schemes for 
grouping amino acids, the following was chosen for the pur- 
pose of illustration: 



ACIDic = 
ALIPhatic = 
AMIDic = 
AROMatic = 
BASlc = 
HYDRoxylic = 
SULFur containing = 



{ D,E ); 

{ A, G, I, L, P, V 

{ N, Q }; 

{ F, W,Y }; 

|R,H,K }; 

| S, T } and 

{ C, M }. 
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It is not necessary that sets be mutually exclusive and col- 
lectively exhaustive as these are. Similar to the original set 

of predictor variables, ACIDL AL1P1 SULF1 refer to 

amino acid residues in position 1; ACID2, AL1P2, .... 
SULF2 refer to amino acid residues in position 2: etc. Poten- 
tial predictor variables are assigned a 1 if a member of the 
named set occupies the position in question, a 0 if it does not. 
For the example YVKQNTLKL. AROM1 = ALIP2 = 
BASI3 = AMID 4 = AMID 5 = HYDRO = ALEP7 = BASIS 
= ALIP9 = 1. All other potential predictor variables in the 
extended list are set to 0. 

Two new models for DR 1 binding are developed using this 
extended list of predictors — the first utilizing the P1-P6 an* 
chor motif, the second with no initial estimate. Table 5 and 



0 present the final classification models, while Table 7 and 
S summarize the classification performance of both models 
along with jack-knife validation classifications. 

Both models share the following characterization: Position 

1 prefers AROMatic residues and V. Positions 2 and 3 are 
also AROMatic. Position 4 prefers A, L, M and Q, while 
position 5 accommodates M and Y, but not G. Position 9 
prefers ALIPhatic residues. The fact that the negative coeffi- 
cient for P has the same magnitude as the ALIPhatic coeffi- 
cient suggests that ALIPhatic might be redefined without P. 

This same characterization applies to the first two models 
produced without the extended predictor list. Since all four 
models classify the data equally well, it is left to future re- 1 
search to determine the optimal variation. 



Table 4. Performance of final DR1 classification models utilizing amino acid residues as predictors. Non-binders are classified by peptide in order to 
evaluate specificity and accuracy 



Initial estimate Classification method Sensitivity Specificity Accuracv 

P1-P6 anchor motif Final mode! 96.8% (509/520) 73.5% (72798) 93. 1% (58 1/624) 

No motif Final mode; 97.3% (5 12/520; 75.5% (74/98) 93.9% (586/624) 



Table 5. Final DR 1 classification model usins the PI-P6 anchor motif as the basis lor selecting the initial binding data-set and the extended list of possible 
predictors. Coefficients conversed on the thirteenth iteration 



Residue Position 

con = -8.97 12 3 4 5 6 7 S 9 

_ . _ _ 

C -3.89 

0 ... j.52 
E -2.26 

F 2.82 

G -1.3. 1 -3.57 

H -2.73 

1 2.29 -3.03 
K 

L 3.26 4.09 

M 5.60 4.75 5.43 

N -3.44 

P -I.5S -1.84 -1.52 -4.70 

0 4.95 

R 

T 2.23 

V 7.56 -2.97 2.79 
w 4.43 -3:52 -3.00 

V 2.3-1 

ACID -0.97 -1.49 -1.47 

ALIP 1.49 1.03 4.21 

AMID -1.19 1.49 -1.22 2.13 

A ROM 7.03 2.6^ 1.53 

BASI 2.69 -2.40 

HYDR -1.70 

SULF 2.07 
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Table 6. Final DR1 classification model using no prior information to selecting the initial binding data-set and the extended list ol possible predictors. 
Coefficients converged on the thirteenth iteration 

Residue Position 



con = -10.27 1 



A 4. IS 3.00 1.99 -4.50 

C 

D 

E -2.91 -2.0! 

F < * 2.40 

G - -2.67 . 2!38 -8.76 

H 

I 

K 2.6S -3.35 1.80 

L 1.99 2.40 2.6^ 

M 6.15 4.0 1 2.72 " 2.55 

N -4. 1 i 

P -3.89 

Q 1.75 2.8^ 

R I.6S 1.94 -2.57 2.06 2.07 

S 2.35 -1.20 

T 

V 6.50 4.4^1 -^4.14 
W -5.40 

Y 2.39 
ACID -1.52 -1.47 

ALIP 1.24 . 8.33 

AMID ' 1.4S , 2.00 

AROM 5. IS 3.89 4.05 -1.43 



BASI -1.26 

HYDR 

SULF 



Table 7. Performance of final DR1 classification models utilizing the extended list of possible predictors. Non-binders are classified by subsequence in order 
to evaluate validity 



Initial estimate 



Classification method 



Sensitivit\ 



Specificity 



Accuracy 



PJ-P6 anchor motif 
No motif 



Final model 
Jack-knife 
Final model 
Jack-knife 



97.1% (5 11/526) 
96.4% (507/526) 
97.9% (5 15/526) 
96.8% (509/526 ) 



94.7% (640/676 > 
93-6% (633/676) 
95.1% (643/676) 
92.9% (628/676) 



95.8% (1151/1202) 
94.8% (1140/1202) 
96.3% (1158/1202) 
94.6% (1137/1202) 



Table 8. Performance of final DR1 classification models utilizing the extended list. of possible predictors. Non-binders are classified by peptide in order to 
evaluate specificity and accurac\ 



Initial estimate 


Classification method 


Sensitivity 


Specificity 


Accuracy 


P1-P6 anchor motif 


Final model 


97.1% (511/526) 


74.5% (73/98) 


93.6% (584/624) 


No motif 


Final model 


97.9% (515/526) 


75.5% (74/98) 


94.4% (589/624) 



Discussion 

It is difficult to find studies with which to compare. Most studies 
evaluate a motif only on binding peptides and do not test the 
ability of the motif to identify non-binding peptides. O'Sullivan 
et al. (1991b) proposed the following DR1 binding motif: 



W,F,Y,V,IJL in position 1; A,VJJ-J > ,C.S,T in position 6; 
A,V,l,L,C,S/r,M,Y in position 9. They reported that the motif 
was present in 69% of good binders : 55% of intermediate 
binders, 31% of weak binders and 16.5% of negative binders. 

Using an evolutionary algorithm and artificial neural net- 
work, Brusic et al. (1998) predicted HLA-DR4 binding. In 
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binary classification, they correctly classified 100% of high- 
affinity binders. 82% of moderate-affinity binders. 30% of 
low affinity binders and 70% of non-binders. Southwood et 
al. (1998) experimentally developed a motif for DR4 bind- 
ing. When tested on an independent set of 50 peptides, a con- 
servative threshold resulted in sensitivity = 50.0%, specific- 
ity = 94.4% and accuracy = 82.0%, while a lower threshold 
resulted in sensitivity = 78.6%, specificity = S0.6% and accu- 
racy = 80.0*2 . 

The results of the present study compare favorably with 
these previous studies. Thus, the iterative SDA meta-algo- 
rithm is a promising tool for analyzing class 11 MHC molecu- 
lar databases. This approach has the following advantages: 

The resultant model is quantitative and easy to in- 
terpret. 

The resultant model can be used to predict peptide 
binding. 

The approach works with or without a suggested bind- 
ing motif. 

• The approach is versatile and can include dichotomous 
or continuous properties of amino acid residues as 
possible predictors. 

• Classification results compare favorably with previous 
studies. 

As with any data-driven algorithm, the results are data de- 
pendent and change when the data-sets change. However, as 
the data-sets grow, the sample space is better represented and 
the influence of individual peptides decreases. 
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HLA-DR and HLA-DQ polymorphism in human thyroglobulin- 
induced autoimmune thyroiditis: DR3 and DQ8 transgenic mice 
are susceptible. 

Wan Q, Shah R, Panos JC 5 Giraldo AA, David CS, Kong YM. 

Department of Immunology and Microbiology, Wayne State University 
School of Medicine, Detroit, MI 48201, USA. 

In contrast to H2-based susceptibility to experimental autoimmune thyroiditi: 
(EAT) induced with thyroglobulin (Tg), human leukocyte antigen (HLA) 
association with Hashimoto's thyroiditis, the human counterpart, is less clear 
and determining association is further complicated by DR/DQ linkage 
disequilibrium. Previously, we addressed the controversial implication , of 
HLA-DR genes by introducing HLA-DR A/DRB 1*0301 (DR3) transgene int 
endogenous class II negative H2Ab(0) mice. EAT induction with either 
human (h) or mouse (m) Tg demonstrated the permissiveness of DR3 
molecules for shared Tg epitopes. Here, we examined the participation of 
HLA-DQ genes by introducing DQA1 *0301/DQB 1*0302 (DQ8) transgene 
into class II negative Ab(0) or class I and II negative beta(2)m((-/-)) Ab(0) 
mice. About 50% and 80% of HLA-DQ8(+) Ab(0) and beta(2)m(-) Ab(0) 
mice, respectively, developed moderate EAT after hTg immunization, but 
only minimal response to mTg. The hTg presentation to hTg-primed cells ws 
blocked by anti-DQ mAb in vitro. By contrast, HLA-DRB 1*1502 (DR2) anc 
*0401 (DR4) transgenes contributed little to hTg induction. Similarly, 
DQAl*0103/DQBl*0601 or DQA1*0103/DQB1 *0602 (DQ6> transgenic Al 
(0) mice were unresponsive to hTg induction and earned no detectable 
influence in DQ8/DQ6 double transgenic mice. Thus, both HLA-DR and -D( 
polymorphism exists for hTg in autoimmune thyroiditis. The use of defined 
single or double transgenic mice obviates the complications seen in polygeni 
human studies. 

PMID: 12039412 [PubMed - indexed for MEDLINE] 
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A humanized model of experimental autoimmune 
uveitis in ELLA class II transgenic mice 

Giuseppina Pennesi, 1 Mary J. Mactapallil/ Shu-Hui Sun/ Dody Avichezer, 1 
Phyllis B. Silver/ Zaruhi Karabekian/ Chella S. David/ Paul A. Hargrave/ 
J. Hugh McDowell/ W. Clay Smith/ Barbara Wiggerc/ Larry A. Donoso/ 
Chi-Chao Chan/ and Rachel R. Caspi 1 

•Laboratory of Immunology, National Eye Institute, NIH, Bethesda, Maryland, USA 
2 Departmenc of Immunology, Mayo Clinic, Rochester, Minnesota, USA 
J Department of Ophthalmology, University of Florida, Gainesville, Florida, USA 

4 Laboratory of Retinal Cell and Molecular Biology, National Eye Institute, NIH, Bethesda, Maryland, USA 
5 Wills Eye Hospital, Philadelphia, Pennsylvania, USA 

Experimental autoimmune uveitis (EAU) is a disease of the neural retina induced by immuniza- 
tion with retinal antigens, such as interphotoreceptor retinoid-binding protein (IRBP) and arrestin 
(retinal soluble antigen, S-Ag). EAU serves as a model for human autoimmune uveitic diseases asso- 
ciated with major histocompatibility complex (HLA) genes, in which patients exhibit immuno- 
logical responses to retinal antigens. Here we report the development of a humanized EAU model 
in HLA transgenic (TG) mice. HLA-DR3, -DR4, -DQ6, and -DQ8 TG mice were susceptible to IRBP- 
induced EAU. Importantly, HLA-DR3 TG mice developed severe EAU with S-Ag, to which wild- type 
mice are highly resistant. Lymphocyte proliferation was blocked by anti-HLA antibodies, con- 
firming that antigen is functionally presented by the human MHC molecules. Disease could be 
transferred by immune cells with a Thl-like cytokine profile. Antigen-specific T cell repertoire, as 
manifested by responses to overlapping peptides derived from S-Ag or IRBP, differed from that of 
wild-type mice. Interestingly, DR3 TG mice, but not wild-type mice, recognized an immunodomi- 
nant S-Ag epitope between residues 291 and 310 that overlaps with a region of S-Ag recognized by 
uveitis patients. Thus, EAU in HLA TG mice offers a new model of uveitis that should represent 
human disease more faithfully than currently existing models. 

/. Clin. Invest. 111:1171-1180 (2003). doi:l0.1172/JCI200315155. 



Introduction 

Experimental autoimmune uveitis (EAU) is aT cell- 
mediated autoimmune disease model that targets the 
neural retina and related tissues. EAU is induced by 
immunization with preparations of purified retinal 
antigens or their fragments, of which the retinal solu- 
ble antigen (S-Ag, also known as arrestin) and the 
interphotoreceptor retinoid-binding protein (IRBP) 
are the best known. This experimental model is used 
to represent a series of human inflammatory diseases 
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collectively known as uveitis, which are characterized 
by a frequent presence of immune response to retinal 
antigens, particularly S-Ag. EAU can also be induced 
by adoptive transfer of T cells from immunized recip- 
ients to naive, genetically compatible hosts (1). In most 
cases, the pathogenesis of the disease implicates aThl- 
type cytokine response (1). 

Genetic studies have documented association 
between the presence or absence of certain HLA alle- 
les and susceptibility to particular autoimmune dis- 
orders (2). Autoimmune uveitis is a spectrum of dis- 
eases that show differences in clinical manifestations 
and course, and differences in associations with spe- 
cific HLA loci. The associated class I or class II alleles 
may also depend on the ethnic origin of the popula- 
tion studied. Among the class II-associated uveitic 
syndromes, the HLA-DRB1*0405 allele, encoding for 
a variant of the HLA-DR4 antigen, was found to be 
significantly increased in a Japanese population of 
Vogt-Koyanagi-Harada patients (3), and this was also 
confirmed in other populations (4, 5). Clinically sim- 
ilar to Vogt-Koyanagi-Harada syndrome, sympathet- 
ic ophthalmia is also associated with HLA-DR4 sub- 
types in Japanese, British, and Irish populations (6, 
7). Intermediate uveitis not associated with multiple 
sclerosis was associated with the HLA-DR3 antigen, 
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while panuveicis showed association with HLA-DR4 
in an Italian population (8). Association with HLA-DQ 
alleles was also described (3, 7, 9), but the strong 
linkage disequilibrium between some DR and DQ 
alleles makes it difficult to distinguish whether there 
was a prevalent role of one molecule or whether the 
DR and DQ genes acted in an epistatic manner. 
Genetic associations in uveitis have recently been 
reviewed in depth (10). 

The antigen or antigens that might be involved in the 
etiology of human uveitis have not been elucidated. 
Although uveitis patients frequently display cellular 
and humoral responses to the retinal antigens that are 
uveitogenic in animals, it is not known whether these 
responses are causally involved in their disease or rep- 
resent an epiphenomenon (11). This information is key 
for future development of antigen-specific therapies 
for these blinding autoimmune diseases. If indeed 
these responses are causally related, the immunodom- 
inant epitopes are expected to vary in different HLA 
types and will need to be defined in order for sophisti- 
cated therapies to be possible. 

Similarly to uveitis in the human, EAU in animals is 
genetically controlled (10). There are clear species-spe- 
cific differences in sensitivity to uveitogenic proteins. 
For example, IRBP is a much more potent uveitogen 
than S-Ag for mice, while the reverse is true in guinea 
pigs, and both proteins are strongly uveitogenic in the 
Lewis rat (12-15). Within each species, strain depend- 
ence of susceptibility is apparent that is at least in part 
due to MHC control. Susceptible H2 haplotypes are 
H2 b , H2 d , H2 k , and H2 r . MHC control of susceptibility 
to EAU in the H2 k haplotype was tentatively mapped to 
the IA subregion (a homologue of human HLA-DQ), 
with modifying effects from the IE locus (homologous 
to human HLA-DR) (15). 

To better study the role of HLA molecules in the 
pathogenesis of uveitis, we undertook to develop a 
"humanized" model of EAU. To this end, we induced 
EAU in mice expressing transgenic (TG) HLA-DR3, 
-DR4, -DQ6, or -DQ8 molecules in the absence of the 
endogenous class II (A/30) (16). These mice positively 
select a repertoire of T cells expressing various Vp T cell 
receptors that can identify immunogenic peptide epi- 
topes similar or identical to human subjects of the 
same HLA-DR or -DQ genotype (16, 17). We show that 
all the tested HLA TG mice developed EAU after 
immunization with IRBP. In addition, HLA-DR3 TG 
mice developed severe uveitis after immunization with 
S-Ag, to which wild-type mice are highly resistant. Anti- 
body blocking studies confirmed that the antigens 
were being recognized by the T cells in the context of 
the human HLA molecules. Furthermore, recognition 
of peptides derived from S-Ag and peptides derived 
from IRBP by HLATG mice differs from recognition by 
wild-type mice and has some similarity to that of 
uveitis patients. Finally, as in classical EAU, the disease 
can be transferred by immune cells having aThl phe- 
notype, but not by immune serum. 



This new humanized model of uveitis offers a more 
relevant approximation of human uveitis than hither- 
to available rodent models and will facilitate the char- 
acterization of uveitogenic epitopes presented by dif- 
ferent HLA class II types. 

Methods 

Animals. HLA-DR4, -DQ6, and -DQ8 single TG mice 
were developed at the Mayo Clinic and have been 
described previously (18-20). HLA-DR3 mice origi- 
nally developed by Gunter Hammerling and associates 
(21) were bred onto the A|30 background at the Mayo 
Clinic. The HLA-DR3 TG mice that carry the 
HLA'DRA*0103 and DRB1*0301 genes in an MHC 
class II-negative H2-A|30 background (A/50.DR3) 
express the human DR3 antigen as their only MHC 
class II molecule (22). HLA-DR4 TG mice had the 
HLA-DRB 1*0401 gene in an A£0 background, modi- 
fied to express IE molecules by insertion of the gene 
for the IE a chain from the H2 k haplotype (Ea k / 
E/3 b .A(30.DR4) (18). Thus, they coexpressed murine 
H2-IE and human HLA-DR4 molecules. HLA-DQ6 
TG mice carried the DQA1*0103 and DQB1*0601 
transgenes in an A|30 background (A0O.DQ6) (19). 
Similarly, HLA-DQ8 TG mice had the DQA1 *0301 and 
DQB1*0302 human genes (A/30.DQ8) (20, 23). Both 
HLA-DQ TG mice expressed the human DQ molecule 
as their only MHC class II antigen (Table 1). Controls 
were DR3- and DR4-negative littermates, ApO mice, 
APO mice expressing IE antigens (Ea k /Ep b .Ap0), and 
C57BL/10 or C57BL/6 mice. DR3-negative littermates 
did not express any MHC class II molecules, their 
genotype being equivalent to that of ApO mice. DR4- 
negative littermates expressed the IE molecule, having 
a genotype comparable to Ea k /Ep b .Ap0. These mice 
had the H2-IE molecule as their only MHC class II 
antigen. H2-IA b is the only MHC class II molecule 
expressed by the parental strain C57BL/10, which has 
a defective gene encoding the Ep chain and fails to 
express IE molecules (Table 1). 

Animals were bred and maintained at the NIH or at 
the Mayo Clinic under specific pathogen-free condi- 
tions and were given water and chow ad libitum. The 
care and use of the animals was in compliance with 
institutional guidelines. 

Genotyping. Mice were screened for presence of the 
human HLA molecule by PCR as described (24, 25). 
Expression of the human or murine MHC antigens 
was quantified by flow cytometric analysis of lymph 
node cells and splenocytes using FITC-conjugated 
anti-DR (clone L243), anti-DQ (clones Tu 39 and Ttt 
169), anti-IA (clone AF6-120.1), or anti-IE (clone 
14-4-4S) antibodies (BD Pharmingen, Franklin 
Lakes, New Jersey, USA) as recommended by the 
manufacturer. Mice that did not demonstrate expres- 
sion of HLA molecules by flow cytometry were 
excluded from analysis. 

Antigens and reagents. Bovine IRBP (bIRBP) was puri- 
fied from retinal extracts as described (26) by affinity 
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chromatography on ConA followed by ion exchange 
chromatography on a Pharmacia MonoQ column. 
Bovine S-Ag (bS-Ag) was prepared from the ConA col- 
umn flowthrough as follows. The extract was dialyzed 
against 10 volumes of 10 mM HEPES, 15 mM NaCl, 1 
mM EDTA, 1 mM benzamidine, pH 7.0, with the 
buffer changed once. S-Ag was purified by the method 
of Buczylko and Palczewski (27) with modifications 
described by Puig et al. (28). The final elution from 
the heparin-agarose column was via a gradient from 
10 mM HEPES and 15 mM NaCl, pH 7.0 } to 10 mM 
HEPES and 400 mM NaCl, pH 7.0. Purified bS-Ag was 
pooled based on an OD of 278 nm. Preparation of the 
recombinant human S-Ag (hS-Ag) was described pre- 
viously (29). Pertussis toxin and CFA were purchased 
from Sigma-Aldrich (St. Louis, Missouri, USA). 
Mycobacterium tuberculosis strain H37RA was pur- 
chased from Difco Laboratories (Detroit, Michigan, 
USA). Twenty-residue peptides overlapping by ten 
residues and spanning the first homologous repeat of 
human IRBP (hIRBP) (35 kDa) (30) and the entire 
hS-Ag (48 kDa; AnaSpec Inc., San Jose, California, 
USA) were synthesized by conventional solid-phase 
techniques as described (30, 31). 

EAU induction and scoring. EAU induction and scor- 
ing was performed two ways: by active immunization 
and by adoptive transfer. For active immunization, 
mice were injected subcutaneously with 200 u.g of 
bIRBP, bS-Ag, or recombinant hS-Ag emulsified (1:1, 
vol/vol) with CFA (Sigma-Aldrich) that had been sup- 
plemented with M. tuberculosis strain H37RA (Difco 
Laboratories) to a final concentration of 2.5 mg/ml. 
Concurrent with immunization, 0.2 \xg of pertussis 
toxin was injected intraperitoneally. Eyes from IRBP- 
immunized mice were collected 21-28 days after 
immunization, and eyes from S-Ag-immunized ani- 
mals were collected after 28-35 days. Eyes were fixed 
for 1 hour in 4% phosphate-buffered glutaraldehyde 
and transferred into 10% phosphate-buffered 
formaldehyde. Fixed and dehydrated tissue was 
embedded in methacrylate. Sections (4-6 jam) were 



cut through the pupillary-optic nerve plane and then 
stained with standard H&E. 

Quantitation of disease was performed in a masked 
fashion using criteria described previously (32). Briefly, 
eyes were assigned a score ranging from 0 to 4 depend- 
ing on the extent of inflammation and tissue damage. 
The minimal criterion to score an eye as positive by 
histopathology was inflammatory cell infiltration of 
the ciliary body, choroid, vitreous, or retina (EAU grade 
0.5). Progressively higher grades were assigned for the 
presence of discrete lesions in the tissue, such as vas- 
culitis, granuloma formation, retinal folding and/or 
detachment and photoreceptor damage. The maximal 
grade of 4 reflects extensive retinal damage with com- 
plete destruction of the photoreceptor cell layer. 

For induction of EAU by adoptive transfer, HLA- 
DQ8 and HLA-DQ6 mice were immunized with IRBP 
and HLA-DR3 mice were immunized with S-Ag using 
the uveitogenic protocol described above. On day 14 
after immunization, immune serum was collected, 
titrated for antibody content by ELISA, and stored at 
4°C until infusion into naive recipients. Lymph node 
and spleen cells were pooled within a group and were 
cultured for 3 days as described previously (33) with an 
optimal concentration of the immunizing antigen (30 
ug/ml IRBP or 10 |-ig/ml S-Ag) and 5 ng/ml recombi- 
nant IL-12. Naive recipient mice of the appropriate 
genotype were infused intraperitoneally with 60 x 10 6 
to 100 x 10 s cultured cells. One milliliter of immune 
serum was injected intravenously as two doses of 0.5 
ml administered concurrently with the cells and 48 
hours later. Disease development was evaluated by 
fundoscopy and scored on a scale of 0-4 as described 
previously (32). EAU was confirmed by histopatholo- 
gy in eyes harvested after 16-18 days. 

Delayed-type hypersensitivity responses. Two days before 
the termination of an experiment, mice received 10 ug 
of the appropriate antigen in a volume of 10 Lil intra- 
dermally into the pinna of one ear. The other ear was 
injected with PBS. Ear swelling was measured 48 hours 
later with a spring-loaded micrometer. 



Table 1 

MHC class II genotype and phenotype of mouse strains used in this study 



Strain 


HLA transgene* 


MHC class II phenotype 


MHC class II restriction element 


Reference 


Test strains 










DR3 


DRA*0103\ DRB1*0301 


A(30.DR3* 


HLA-DR3 


(21) 


DR4 


DRB 1*0401 


EaVE|3 b .Apo\DR4 + 


HU\-DR4/H2-IE k ' b 


(18) 


DQ6 


DQA1*0103\ DQB1*0601 


AP0.DQ6* 


HLA-DQ6 


(19) 


DQ8 


DQA1*0301; DQB1+0302 


A|50.DQ8 + 


HLA-DQ8 


(20, 23) 


Control strains 










DR3" littermates 




AP0.DR3" 






DR4" littermates 




Ea k /Ep b .A(30.DR4- 


H2-IE^ b 




AP0 




AP0 




(51) 


Ect k /E|3 b .Ap0 




Ea k /EP b .A|30 


H2-lE^ b 


(52) 


C57BLyi0orC57BLV6 




H2-IA b 


H2-IA b 





A TheTG strains are on the C57BL/10 background. 
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Figure 1 

Histopathological features of EAU in HLATG mice, (a) Normal eye. 
The retina! layers are ordered and well preserved, (b) Disease score 
2 in C57BL/1 0 mice immunized with 1RBP. The retinal architecture 
is disorganized, inflammatory cell infiltration is present, and the pho- 
toreceptor layer is damaged, (c) Disease score 3 in DR4 TG mice 
immunized with IRBP. Note extensive destruction of the photore- 
ceptor cell layer, (d) Very severe disease (score 4) in DR3 TG mice 
immunized with S-Ag. Note complete destruction of the photore- 
ceptor cell layers including photoreceptor cells (H&E, x200). 



Lymphocyte proliferation assay and antibody blocking. 
Lymph nodes draining the immunization sice 
(inguinal and iliac) were collected at the termination 
of each experiment and were pooled within each 
group. Triplicate 0.2-ml cultures containing 5 x 10 5 
cells/well were stimulated with 30 (.ig of IRBP or 20 u-g 
of S-Ag in 96-well round-bottomed plates in RPMI 
1640 (BioWhittaker Inc., Walkersville, Maryland, 
USA) supplemented as described and containing 1% 
mouse serum (32). For proliferation to bIRBP, 20 
mg/ml a-methyl-mannopyranoside (Sigma-Aldrich) 
was included to neutralize any possible traces of Con 
A that might leach from the column used in the ini- 
tial stages of IRBP purification. This concentration of 
a-methyl-mannopyranoside had no adverse effect on 
cell proliferation. Results are presented as stimulation 
indexes, calculated as average cpm of triplicate cul- 
tures with antigen, divided by the average cpm of trip- 
licate cultures with medium, ± SE. 

The restriction element involved in antigen presenta- 
tion was assessed by antibody blocking assays using 
purified antibodies to DR (clone L243), DQ (clone Tii 
39 or Tii 169), IA (clone AF6-120.1), or IE (clone 14-4- 
4S) (BD Pharmingen). The antibodies were added at a 
concentration of 10 f-ig/ml to wells containing the cells 
in the presence or absence of the appropriate stimulat- 
ing antigen. The cultures were incubated for 60 hours 
and were pulsed with 3 H thymidine (1.0 jaCi/10 ul/well) 
for the last 18 hours. 

T cell epitope mapping. Twenty-residue peptides 
overlapping by 10 residues and representing the lin- 
ear sequence of the first repeat of hIRBP or the 
entire sequence of the hS-Ag molecule were used 
(30) (AnaSpec Inc.). HLA-DQ8 TG, HLA-DR3 TG, 



or wild-type C57BL/6 mice (H2 b ) were immunized with 
a uveitogenic regimen of IRBP or S-Ag, respectively. 
Spleens were harvested on day 10 after immunization 
and were pooled from several mice within each group. 
Cells were tested in a standard proliferation assay, as 
described above, against a 10- uM concentration of pep- 
tides derived from the immunizing antigen. Specific 
counts (A cpm) were calculated after subtraction of 
background cpm. 

Determination of lymphokine content in culture super- 
natants and antibodies in immune serum by ELISA. 
Cytokines were determined in supernatants of lymph 
node cells collected on day 14 after immunization 
and cultured with an optimal concentration of the 
immunizing antigen as for the proliferation assays 
above. Supernatants were collected after 48 hours. 
The presence of IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, 
IL-13, IFN-y, and TNF-a in the supernatant of the 
stimulated cells was measured by multiplex ELISA 
using the Pierce SearchLight technology (Pierce 
Boston Technology, Woburn, Massachusetts, USA) 
(34) (http://www.searchlightonline.com). Serum 
antibodies were assayed on IRBP- or S-Ag-coated 
plates (5 \xg/100 ul/well) using HRP-labeled goat 
anti-mouse IgG (Zymed Laboratories Inc., San Fran- 
cisco, California, USA) as developing antibody and 
3,3 '5,5 '-tetramethylbenzidine substrate (100 ul/well; 
Endogen Inc., Woburn, Massachusetts, USA). 

Statistical analysis. Statistical significance of differ- 
ences in disease scores were calculated using 
Snedecor and Cochran's test (35) for linear trend in 
proportions, with each mouse (average of both eyes) 
as one statistical event. This is a nonparametric test 
that generates its P values by frequency analysis of 
the number of individuals at each possible score, 
thus taking into account both severity and incidence 
of disease. Delayed hypersensitivity and lymphocyte 



A(30.DQ8 
AP0.DQ6 
Ea H /Ep b .ApO.DR4 
A&0.DR3 

A$0 
Ea k /Ep b .Af30 
C57BL/10 




15/17 (88%) 
13/16(81%) 
20/24 (83%) 
10/12(83%) 




1/9 (11%) 

18/33 (55%) 

20/25 (80%) 



0.5 1 1.5 2 

Average EAU score 



2.5 



Figure 2 

Susceptibility of HLATG mice to IRBP-induced EAU. Bars are aver- 
age of disease scores. Disease incidence (positive among total 
mice) is next to each bar. The HLA TG strains are in the top panel 
and the control strains are in the bottom panel. If only one eye 
showed disease the animal was scored as positive and its score was 
recorded as the average of both eyes. Shown are combined results 
of five experiments. Significant difference (P ^ 0.05) from C57BL 
control is indicated by an asterisk. 
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Figure 3 

Susceptibility of HLATG mice to S-Ag-induced EAU. Shown are 
combined results of five experiments using bS-Ag and one experiment 
using recombinant hS-Ag. Other TG strains were negative. Control 
AfiO mice immunized with bS-Ag (n = 6) and wild-type C57BL/10 
mice immunized with either hS-Ag (n = 4) or bS-Ag (n = 1 9) failed to 
develop disease. Significant differences (P £ 0.05) from C57BL and 
A(30 controls are indicated by asterisks. 



proliferation data were analyzed using an independ- 
ent: t test. Probability values of P *; 0.05 were consid- 
ered to be significant. 

Results 

HLA TG mice are susceptible to IRBP-induced uveitis. HLA 
TG mice were immunized with a uveitogenic proto- 
col of IRBP and eyes were harvested for histopathol- 
ogy 21-28 days after immunization. Typical EAU was 
induced in all HLA TG strains. Histopathology (Fig- 
ure l y b and c) was grossly similar to that observed in 
wild-type mice on the C57BL/10 background, show- 
ing mononuclear and polymorphonuclear cell infil- 
tration, vitritis, choroiditis, and varying degrees of 
photoreceptor cell damage. Disease severity in indi- 
vidual mice varied from 0.5 to 3, and incidence was 
about 80% (Figure 2). These results were 
not different from incidence and severity 
scores observed in the control strains. 
A/30 mice, which do not express any MHC 
class II molecules but do express murine 
class I molecules, had little to no disease, 
with only one mouse of 1 1 showing trace 
infiltration in one eye, most likely repre- 
senting a mild spontaneous inflamma- 
tion unrelated to the experimental 
manipulations. We do not favor the pos- 
sibility that this represents presentation 
of IRBP through the class I pathway 
because these mice had negligible IRBP- 
specific delayed-type hypersensitivity and 
proliferative responses (data not shown), 
suggesting that in the absence of class II, 
IRBP immunization fails to elicit a signif- 
icant response. 

Since no apparent differences in disease 
parameters were observed in HLATG mice 
expressing or not expressing the murine IE 
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molecules, their role when a human class II molecule is 
present appears to be subordinate. Nevertheless, when 
a human class II is absent, such as in the Ea! t /Ef3 b .A[30 
mice, the presence of murine IE alone is sufficient to 
permit EAU development. 

DR3 TG mice are susceptible to S-Ag-induced EAU. 
Uveitis patients frequently exhibit strong lymphocyte 
responses to S-Ag but only sporadic responses to 
IRBP (12, 36). Although S-Ag is uveitogenic in other 
animal species, numerous strains of mice tested thus 
far proved to be highly refractory to disease induc- 
tion with S-Ag (14, 15). Interestingly, HLA-DR3 TG 
mice immunized with bS-Ag developed very severe 
disease, with many individual mice reaching disease 
scores of 4, corresponding to complete destruction of 
the photoreceptor cell layer and extensive damage to 
the other retinal layers (Figure Id and Figure 3). 
HLA-DQ6 and -DQ8 mice developed some disease as 
well, albeit with much lower scores and lower inci- 
dence (Figure 3). None of the other TG strains or any 
of the six control A/30 mice developed disease after 
immunization with S-Ag (data not shown). Wild-type 
mice were also refractory to disease, confirming pre- 
viously published data (14) (not shown). Onset of 
S-Ag-induced disease in the DR3 TG mice, which 
characteristically developed high disease scores, 
appeared to be delayed by several days to a week in 
comparison to the IRBP-induced disease. This is sim- 
ilar to the earlier onset of IRBP-induced EAU than of 
S-Ag EAU as observed in rats, and may reflect a dif- 
ference in accessibility of the target antigen (S-Ag is 
intracellular in the photoreceptor ceils, whereas IRBP 
is secreted into the interphotoreceptor matrix) (37). 

There is about 80% homology in the amino acid 
sequence between human and bS-Ag. To test whether 
this translated to differences in pathogenicity, we 
immunized HLATG mice with recombinant hS-Ag. 
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Figure 4 

Proliferative response of lymph node cells to bS-Ag. Average of stimulation indices 
observed in several experiments is shown. Error bars indicate SE. Significant dif- 
ference from control (Ps 0.05) is indicated by an asterisk. Background counts var- 
ied between 1,500 and 3,000 cpm depending on the group. 
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Figure 5 

Cytokine responses. Cytokine production by lymph node cells from 
HLA-DQ8 TG mice stimulated with bIRBP (a), and lymph node 
cells from HLA-DR3 TG mice stimulated with bS-Ag (b), measured 
by multiplexed ELISA. Shown are titers in pg/ml averaged from 
two experiments. 



DR3 and DQ8 TG mice developed EAU after immu- 
nization with the recombinant hS-Ag with scores 
similar to the EAU developed in response to bS-Ag 
(Figure 3). This finding is of particular importance in 
view of the strong responses of human patients to 
S-Ag, that had presumably developed as responses to 
the autologous human molecule. HLA-DR4 TG mice 
and all the control strains, including the wild type, 
were resistant (data not shown). 

The retinal antigen is presented and recognized on human 
MHC molecules. Because DR (though not DQ) strains 
retain the mouse Ep, and in the case of DR4 also the 
Ea molecule, it was necessary to verify that antigen 
can be presented productively on the human class II 
molecules. This was done by lymphocyte prolifera- 
tion blocking studies using appropriate monoclonal 



antibodies. Draining lymph node cells from mice 
immunized with IRBP or bS-Ag were collected and 
were stimulated in culture with the corresponding anti- 
gen. Proliferative responses were observed in all strains 
except ApO, which is devoid of any class II molecules. In 
HLA-DR3, -DQ6, and -DQ8 TG mice, proliferation in 
response to S-Ag was blocked by specific monoclonal 
antibodies to human, but not to mouse, MHC class II 
molecules (Figure 4). In Ea k /Ep b AP0.DR4 TG mice, 
which coexpress DR and IE molecules, both anti-DR 
and anti-IE antibodies abrogated proliferation, indi- 
cating that both class II molecules were functionally, 
involved in antigen presentation. A similar pattern was 
observed with HLA TG lymph node cells of mice 
immunized with IRBP (data not shown). A cytotoxic 
effect of antibodies was excluded because the anti-HLA 
antibodies did not interfere with proliferation of wild- 
type lymphocytes to antigen and because background 
counts in the presence of antibodies without antigen 
did not differ from background in presence of medium 
alone (data not shown). 

It should be pointed out that strong proliferative 
responses were seen in all genotypes except APO, irre- 
spective of whether or not they developed disease. 
Similarly, all strains except ApO mounted delayed- 
type hypersensitivity responses against S-Ag and 
IRBP (data not shown). This indicates that not only 
pathogenic but also nonpathogenic epitopes of the 
retinal antigens in question were functionally pre- 
sented by human class II molecules. 

Pathogenesis of EAU in HLA TG mice: a cell-mediated 
response with a Thl- predominant cytokine profile and a mod- 
ifying role for antibodies. Studies of EAU in wild-type 
mice indicated a central role for a Th 1-type response 
in pathogenesis of disease (1). To evaluate the respons- 
es of HLATG mice to uveitogenic immunization, we 
measured the cytokines in supernatants of lymph 
node and spleen cells from immunized mice that were 
stimulated in vitro with the immunizing antigen. We 
selected as representative strains the DQ8 TG mice 
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Figure 6 

Adoptive transfer of cells and/or serum. Recipient mice were infused with serum, cells, or cells and serum from immunized syngeneic donors. EAU 
development was followed by fundus examination, (a and b) Disease scores of HLA-DQ8 and HLA-DQ6 recipients whose donors were immu- 
nized with bIRBP. (c) Disease scores of HLA-DR3 recipients whose donors were immunized with bS-Ag. Shown is one of two representative exper- 
iments with five mice per group. *Statistically significant difference in scores from cells alone (P s 0.05). Hrend (P^ 0.1 ). 
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Figure 7 

Mapping ofT cell epitopes. Epitope recognition by DQ8 mice immunized with bIRBP and DR3TG mice immunized with bS-Ag was compared 
with that of C57BL/6 (IA b ) wild-type controls. Antigen-specific responses were recalled with overlapping peptides representing the first repeat 
of human IRBP or the whole hS-Ag. Shown are specific counts as averaged from two to three repeat experiments for each strain of mice. Back- 
ground counts varied from 450 to 3,000 cpm depending on the group. 



immunized wich bIRBP and the DR3 TG mice immu- 
nized with bS-Ag, which were high responders for the 
respective antigens. Both strains produced very high 
levels of IL-6, which was also typical of wild-type 
C57BL/6 mice (not shown). Of the cytokines typifying 
a Th 1 or a Th2 response, IFN-y and TNF-a were pre- 
dominant over IL-4, IL-5, and IL-13. DR3 mice pro- 
duced relatively more IFN-y than did DQ8 mice (Fig- 
ure 5, a and b). Thus, EAU induced in HLA TG mice 
appears to be associated with a Thl-predominant 
cytokine response profile, analogous to the "classical" 
model of EAU in wild-type mice. 

In wild-type mice, EAU can be adoptively transferred 
by immune cells but not by immune serum. To test 
whether the pathogenesis of EAU in HLA TG mice 
was cell- or antibody-mediated, we adoptively trans- 
ferred cells, serum, or cells and serum together from 
immunized to naive syngeneic mice which were then 
followed by fundus examination. Activated lympho- 
cytes from immunized mice cultured with antigen in 
the presence of IL-12 (33) were able to transfer EAU to 
naive syngeneic recipients (Figure 6). None of the 
mice that received high-titer immune serum alone 
(antibody titers between 1 x 10 -6 and 1 x 10 -7 , see 



Methods) developed disease. Interestingly, when cells 
and serum were combined, the serum was able to 
slightly but consistently raise disease scores compared 
with cells alone, suggesting that antibodies can mod- 
ify the course of disease. 

T cell epitope recognition of IRBP and S-Ag epitopes in 
HLA TG mice. The results described above indicated 
thatT cells responding to retinal antigen presented 
on HLA molecules were involved in the disease 
process in HLATG mice. Because the class II-restrict- 
ed T cell repertoire is selected in these mice by human 
class II, we decided to examine epitope recognition of 
HLA TG mice. We chose as representative strains 
those with high disease susceptibility for each anti- 
gen: DQ8 for IRBP and DR3 for S-Ag. Mice were 
immunized with native bovine antigen, and spleen 
cell responses were recalled in vitro with a panel of 
overlapping peptides representing the entire first 
repeat of hIRBP or the entire sequence of hS-Ag. The 
responses were compared with those of H2 b haplo- 
type wild-type mice (C57BL/6). Our decision to 
immunize with bovine proteins and recall with 
human peptides (although human recombinant pro- 
teins are available) was based on the reasoning that 
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in a human-human or a bovine-bovine combination, 
the strongest responses would represent recognition 
of nonconserved epitopes foreign to the mouse. In 
the bovine-human combination, the responses would 
be more likely to represent recognition of conserved 
epitopes shared with the autologous antigen. 

The results showed distinct differences between 
epitope recognition of HLA TG and wild-type mice, 
suggesting that a different T cell repertoire had been 
selected (Figure 7). IRBP peptides 11-30 and 61-80 
were immunodominant in DQ8TG mice but not in 
wild-type mice. £Ag peptide 291-310 (NRERRG- 
IALDGKIKHEDTNL) appeared to be immunodomi- 
nant in DR3TG mice. This peptide was weakly recog- 
nized by wild-type mice, which instead responded 
strongly to peptide 5 1-70. It is of interest to note that 
peptide 291-310 of S-Ag partly overlaps with the pre- 
viously characterized S-Ag peptides M 303-320 and 
N 281-302, which elicit responses in lymphocytes of 
patients affected by different uveitic diseases (11, 31). 

Discussion 

The present study describes a new, "humanized" 
model of EAU developed in HLA TG mice in which 
disease-relevant epitopes appear to be largely restrict- 
ed by the human class II molecules. Evidence that this 
is indeed the case is provided by (a) lack of class II mol- 
ecules other than the human one in the HLA-DQ6, 
HLA-DQ8, and HLA-DR3 mice; (b) lack of disease in 
the control A(30 mice lacking the human class II; (c) 
the ability of the appropriate anti-HLA antibodies to 
block lymphocyte proliferation of HLA TG mice in 
response to the immunizing retinal antigen; and (d) 
distinct differences in epitope recognition between 
HLA TG and wild-type mice, suggesting differences in 
the selected Ag-specific repertoire. 

Ours is not the first attempt at establishing a 
humanized model of uveitis. Uveitis is a heteroge- 
neous group of diseases affecting different parts of 
the eye and showing association with various HLA 
class I or class II molecules (38). HLA-B27 is strongly 
associated with anterior uveitis that accompanies 
ankylosing spondylitis. HLA-A29 confers an in- 
creased risk of birdshot chorioretinopathy that is in 
some cases up to 224 times higher than the general 
population (39). Sympathetic ophthalmia is associ- 
ated with HLA-DR4, and intermediate uveitis (unre- 
lated to multiple sclerosis) with HLA-DR3 (3-8, 39, 
40). The relevant human HLA molecule does not 
necessarily precipitate the appearance of symptoms 
in the animal carrying it as a transgene. Although 
HLA-B27 TG rats and mice do develop spontaneous 
spondyloarthropathies, they do not develop either 
spontaneous or bacterially induced anterior uveitis 
(41-43). In contrast, the recently described HLA-A29 
TG mice develop spontaneous uveitis with striking 
histological similarity to the HLA-A29-associated 
disease in humans. This supports the conclusion 
that the HLA-A29 molecule itself participates in the 



pathogenesis of birdshot chorioretinopathy (41). The 
EAU model in HLA class II TG mice described here 
provides evidence in favor of an involvement of class 
II-restricted responses in human uveitis. No less 
importantly, this new model suggests that the same 
retinal antigens that are uveitogenic in animals may 
also be causally involved in human uveitic diseases 
and validates antigen-specific immunotherapies 
based on these antigens, such as the recent oral tol- 
erance trial in which uveitis patients were fed S-Ag 
and in fact appeared to receive a clinical benefit (44). 

Arguably the most interesting observation in the 
present study is the susceptibility of HLA-DR3 TG 
mice to disease induced with S-Ag. Of particular note 
is the finding that the T cell epitope recognition in 
these mice takes on a similarity to that of uveitis 
patients. DR3 TG mice but not wild-type mice 
responded to S-Ag peptide 291-310. This sequence 
partly overlaps with peptide M, a promiscuous S-Ag 
epitope spanning residues 303-320 that is uveito- 
genic in rats, guinea pigs, and primates, and is recog- 
nized by lymphocytes from uveitis patients but not 
by healthy controls (11, 12,31, 45). Although human 
patients appear to exhibit much more frequent cel- 
lular responses to S-Ag than to IRBP, wild-type mice 
develop EAU with IRBP but are highly resistant to 
EAU induced with S-Ag. It has been proposed that 
the reason for this is central tolerance to S-Ag, owing 
to its abundance in the murine thymus (46), such 
thatT cells capable of recognizing S-Ag are efficient- 
ly deleted from the repertoire. The dramatic change 
in susceptibility of HLA-DR3 TG mice to S-Ag, 
apparently stemming solely from substitution of the 
restricting class II molecule from mouse to human, 
suggests that other mechanisms may be at play. 
Thus, in addition to and independently of its poten- 
tial to bring better understanding of the involvement 
of S-Ag in human uveitic disease, the uveitis model in 
HLA-DR3 mice also offers the opportunity to 
approach basic questions in the development of self- 
tolerance to retinal antigens. These questions will be 
the subject of a separate study. 

The Ea k /Ep b -Ap0 mice (which served here as con- 
trols for the Ect k /E|3 b .Ap0.DR4 TG mice) provide 
some new information about the role of IE molecules 
in the EAU model. It is apparent that IA molecules 
are sufficient to permit induction of EAU in the H2 b 
haplotype, as mice on the C57BL background, which 
do not express IE molecules, develop disease. Our 
previous data in intra-H2 congenics tentatively 
mapped control of EAU to IA k , with only modifying 
influence from IE k (15). The present data show for 
the first time that the IE molecule by itself, without 
the presence of IA, is sufficient to confer the ability 
to develop EAU. 

The interaction between the T cell coreceptor CD4 
and MHC class II molecules plays a crucial role in 
intrathymic selection as well as peripheral activation 
of CD4 + T cells. In our humanized EAU model, 
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murine CD4 molecules bind co the (32 domain of 
human MHC class II. It has been argued that species- 
specific amino acid differences might alter the inter- 
action between mouse CD4 and human class II, 
resulting in reduced or modified responses (18, 47). 
Since we do not have human CD4 TG mice at our dis- 
posal, we attempted to partly address the effect of a 
homologous versus heterologous CD4-class II inter- 
action by using DR4 chimeric mice. These mice 
express a hybrid DR4 molecule formed from the 
invariant portion of the murine IE molecule that 
contains the CD4 V binding site, fused with the vari- 
able region that contains the antigen-binding pock- 
et of the human HLA-DR4 molecule. Unlike 
Ea k /Ep b .A|30.DR4 mice, these DR4 chimeric mice 
have no murine class II molecules and thus have only 
a homologous CD4-class II interaction. DR4 
chimeric mice developed IRBP-induced EAU with an 
incidence and average score similar to that of 
nonchimeric DR4 TG mice and were resistant to S-Ag 
(data not shown). Thus, presence of a heterologous 
CD4-class II interaction in our model appears not to 
cause an altered pattern of susceptibility to disease. 

The pathogenesis of EAU in the HLA TG mice 
appears to be similar to that of EAU in wild-type mice 
and reinforces the notion that cell-mediated respons- 
es may also be causally involved in human uveitis. In 
wild-type mice, uveitogenicity is associated with the 
Thl response (1). Both IRBP-induced EAU in DQ8 TG 
mice and S-Ag-induced EAU in DR3 TG mice were 
associated with an IFN-y-dominant response to their 
respective uveitogen. Interestingly, IL-2- and IFN-y- 
producing CD4 + and CD8 + cells are detected in periph- 
eral blood from patients with Behcet disease (48, 49). 
Disease could be transferred with Thl-polarized cells 
from primed individuals into naive recipients. 
Immune serum alone did not transfer disease, but in 
conjunction with the cells, injection of serum was able 
to slightly, but consistently, raise disease scores. This 
suggests that although the antibodies by themselves 
are unable to enter the eye through an intact blood- 
retinal barrier, once the blood-retinal barrier is 
breached by activated T cells, antibodies serve to mod- 
ify the course of disease. 

In summary, this is the first report of a humanized class 
II-restricted model of uveitis that includes a new mouse 
model for S-Ag-induced uveitis. This model validates the 
class II involvement in human uveitis and supports an eti- 
ological role for retinal antigens, which are uveitogenic in 
animals, in human disease. Identification of T cell deter- 
minants restricted to MHC molecules known to predis- 
pose to uveitis will permit better understanding of disease 
mechanisms and promises to facilitate development of 
antigen-specific therapies tailored to particular HLA hap- 
lotypes. Importantly, once autoantigenic epitopes have 
been identified, the disease model generated in these mice 
will permit manipulations to mechanistically elucidate 
the development of autoimmunity that are not possible 
in human patients (50). 



Acknowledgments 

We thank Julie Hanson and her staff at the Immuno- 
genetic Mouse Colony, Mayo Clinic, for providing 
some of the HLA-TG mice used in this study. We thank 
Rajeev Agarwal and Angelia Viley for support in geno- 
typing the HLA TG mice bred at NIH. We are grateful 
to Rafael Grajewski for assistance in fundoscopic eval- 
uations and useful discussions, and to Shao-Bo Su for 
flawless intravenous injections. 

1. Caspi, R.R. 2002. Thl and Th2 responses in pachogenesis and regulation 
of experimental autoimmune uveoretinitis. Int. Rev. Immunol. 
21:197-208. 

2. Klein, J., and Sato, A. 2000. The HLA system — second of two parts. 
N. Engl. J. Med. 343:782-786. 

3. Shindo, Y., Inoko, H., Yamamoto, T., Nakamura, S., and Ohno, S. 1994. 
HLA-DRB1 typing ofVogt-Koyanagi-Harada's disease by PCR-RFLP and 
the strong association with DRB 1*0405 and DRB 1*0410. Br. J. Ophthal- 
mol 78:223-226. 

4. Alaez, C, et al. 1999. Strong association of HLA class II sequences in 
Mexicans with Vogt-Koyanagi-Harada's disease. Hum. Immunol. 
60:875-882. 

5. Kim, M.H., ec al. 2000. Association of HLA with Vogt-Koyanagi-Harada 
syndrome in Koreans. Am. J. Ophthalmol 129:173-177. 

6. Shindo, Y., et al. 1997. Immunogenetic study of sympathetic oph- 
thalmia. Tissue Antigens. 49:111-115. 

7. Kilmartin, D.J., et al. 2001. Immunogenetics and clinical phenotype of 
sympathetic ophthalmia in British and Irish patients. Br. J. Ophthalmol. 
85:281-286. 

8. Cuccia Belvedere, M., et al. 1986. Genetic heterogeneity in uveitis. Dis. 
Markers. 4:243-246. 

9. Metin-Aldana,H.,etal. 1992. Human leukocyte antigen-DRBl*l 104 in 
the chronic iridocyclitis of pauciarticular juvenile rheumatoid arthritis. 
J. Pediatr. 121:56-60. 

10. Pennesi, G., and Caspi, R.R. 2002. Genetic control of susceptibility in 
clinical and experimental uveitis. Int. Rev. Immunol. 21:67-88. 

1 1. Adamus, G., and Chan, C.C. 2002. Experimental autoimmune uveitides: 
multiple antigens, diverse diseases. Int. Rev. Immunol. 21:209-230. 

12. Gery, I., Mochizuki, M., and Nussenblatt, R.B. 1986. Retinal specific anti- 
gens and immunopathogenic processes they provoke. In Progress in reti- 
nal research. Volume 5. N. Osborne and G.J. Chader, editors. Pergamon 
Press. Oxford, United Kingdom. 5:75- 109. 

13. FaureJ.P. 1980. Autoimmunity and the retina. Curr. Top. Eye Res. 2:215-301. 

14. Caspi, R.R., et al. 1988. A new model of autoimmune disease. Experi- 
mental autoimmune uveoretinitis induced in mice with two different 
retinal antigens./. Immunol. 140:1490-1495. 

15. Caspi, R.R., Grubbs, B.G., Chan, C.C, Chader, G.J., and Wiggert, B. 1992. 
Genetic control of susceptibility to experimental autoimmune uveore- 
tinitis in the mouse model. Concomitant regulation by MHC and non- 
MHC genes./. Immunol. 148:22384-22389. 

16. Taneja, V., and David, C.S. 1998. HLA transgenic mice as humanized 
models of disease and immunity./. Clin. Invest, 101:921-926. 

17. Yang, H., et al. 2002. Mapping myasthenia gravis-associated T cell epi- 
topes on human acetylcholine receptors in HLA transgenic mice./. Clin. 
Invest. 109:1 1 1 1-1 120. doi: 10.1 172/JCI2002 14255. 

18. Pan, S., Trejo, T., Hansen, J., Smart, M., and David, C.S. 1998. HLA-DR4 
(DRB1*0401) transgenic mice expressing an altered CD4-binding site: 
specificity and magnitude of DR4-restricted T cell response./. Immunol. 
161:925-929. 

19. Kong, Y.M., et al. 1997. Role of mouse and human class II transgenes in 
susceptibility to and protection against mouse autoimmune thyroiditis. 
Immunogenetics. 46:312-31 7. 

20. Neeno,T., et al. 1996. HLA-DQ8 transgenic mice lacking endogenous 
class II molecules respond to house dust allergens: identification of anti- 
genic epitopes./. Immunol. 156:3191-3195. 

21. Strauss, G., Vignali, D.A., Schonrich, G., and Hammerling, G.J. 1994. 
Negative and positive selection by HLA-DR3(DRwl7) molecules in 
transgenic mice. Immunogenetics. 40:104-108. 

22. Kong, Y.C, et al. 1996. HLA-DRB1 polymorphism determines suscepti- 
bility to autoimmune thyroiditis in transgenic mice: definitive associa- 
tion with HLA-DRB 1*0301 (DR3)gene./. Exp. Med. 184:1167-1172. 

23. Nabozny, G.H., et al. 1996. HLA-DQ8 transgenic mice are highly sus- 
ceptible to collagen-induced arthritis: a novel model for human poly- 
arthritis./. Exp. Med. 183:27-37. 

24. Olerup, O., and Zetterquist, H. 1992. HLA-DR typing by PCR amplifi- 
cation with sequence-specific primers (PCR-SSP) in 2 hours: an alterna- 
tive co serological DR typing in clinical practice including donor-recip- 
ient matching in cadaveric transplantation. Tissue Antigens. 39:225-235. 



The Journal of Clinical Investigation | April 2003 | Volume 111 | Number 8 



11 



25. Olerup, O., Aldener, A., and Fogdell, A. 1993. HLA-DQB 1 and -DQA1 
typing by PCR amplification with sequence-specific primers (PCR-SSP) 
in 2 hours. Tissue Antigens. 41:119-134. 

26. Pepperberg, D.R., Okajima, T.L., Ripps, H., Chader, G.J., and Wiggert, B. 
1991. Functional properties of interphotoreceptor recinoid-binding pro- 
tein. Pbotochem. Photobiol. 54:1057-1060. 

27. Buczylko, J., and Palczewski, K. 1993. Purification of arrestin from 
bovine recinas. In Photoreceptor cells. P.A. Hargrave, editor. Academic Press 
Inc. San Diego, California, USA. 226-236. 

28. Puig,J.,etal. 1995. Synrhetic phosphopeptide from rhodopsin sequence 
induces retinal arrestin binding to photoactivated unphosphorylaced 
rhodopsin. FEBS Lett. 362:185-188. 

29. Smith, W.C. 1996. A splice variant of arrestin from human retina. Exp. 
Eye Res. 62:585-592. 

30. Donoso, L.A., ec al. 1989. Human interstitial retinoid binding protein. 
A potent uvei to pathogenic agent for the induction of experimental 
autoimmune uveitis./. Immunol. 143:79-83. 

31. de Smet, M.D., et al. 1990. Cellular immune responses of patients with 
uveitis to retinal antigens and their fragments. Am. J. Ophthalmol. 
110:135-142. 

32. Caspi, RR. 1997. Experimental autoimmune uveoretinitis in the rat and 
mouse. In Current protocols in immunology. Volume 3. J.E. Coligan, A.M. 
Kruisbeek, D.H. Margulies, E.M. Shevach, and W. Strober, editors. John 
Wiley and Sons Inc. Hoboken, New Jersey, USA. 15.6.1. 

33. Tarrant, T.K., Silver, P.B., Chan, C.C., Wiggert, B., and Caspi, R.R. 1998. 
Endogenous IL-12 is required for induction and expression of experi- 
mental autoimmune uveitis./. Immunol. 161:122-127. 

34. Moody, M.D., Van Arsdell, S.W., Murphy, K.P., Orencole, S.F., and Burns, 
C 2001. Array-based ELISAs for high-throughput analysis of human 
cytokines. Biotechniques. 31:186-190, 192-194. 

35. Snedecor, G.W., and Cochran, W.G. 1967. Statistical methods. Iowa State 
University Press. Ames, Iowa, USA. 248 pp. 

36. Hirose, S., et al. 1988. Lymphocyte responses to retinal-specific antigens 
in uveitis patients and healthy subjects. Curr. Eye Res. 7:393-402. 

37. Fox, G.M., et al. 1987. Experimental autoimmune uveoretinitis (EAU) 
induced by retinal interphotoreceptor retinoid-binding protein (IRBP): 
differences between EAU induced by IRBP and by S-antigen. Clin. 
Immunol. Immunopathoi 43:256-264. 

38. Nussenblatt, R.B., Whitcup, S.M., and Palestine, A. G. 1996. Uveitis: 



fundamentals and clinical practice. 2nd edition. Mosby-Year Book Inc. 
St. Louis, Missouri, USA. 22-26. 

39. Baarsma, G.S., Priem, H.A., and Kijlstra, A. 1990. Association of birdshor 
retinochoroidopathy and HLA-A29 antigen. Curr. Eye Res. 9:63-68. 

40. Feltkamp, T.E. 1990. Ophthalmological significance of HLA associated 
uveitis. Eye. 4:839-844. 

41. Szpak, Y., et al. 2001. Spontaneous retinopathy in HLA-A29 transgenic 
mice. Proc. Natl. Acad. Sci. U. S. A. 98:2572-2576. 

42. Baggia, S., et at. 1997. A novel model of bacterially-induced acute anteri- 
or uveitis in rats and the lack of effect from HLA-B27 expression./, hives- 
tig. Med. 45:295-301. 

43. Khare, S.D., Bull, M.J., Hanson, J., Luthra, H.S., and David, CS. 1998. 
Spontaneous inflammatory disease in HLA-B27 transgenic mice is inde- 
pendent of MHC class II molecules: a direct role for B27 heavy chains 
and not B27-derived peptides./, Immunol. 160:101-106. 

44. Nussenblatt, R.B., ecal. 1997. Treatment of uveitis by oral administra- 
tion of retinal antigens: results of a phase I/II randomized masked trial. 
Am. J. Ophthalmol. 123:583-592. 

45. Hirose, S., et al. 1989. An 18-mer peptide derived from the recinal S antigen 
induces uveitis and pinealitis in primates. Clin. Exp. Immunol 77:106- 111. 

46. Egwuagu, C.E., Charukamnoetkanok, P., and Gery, I. 1997. Thymic 
expression of autoantigens correlates with resistance to autoimmune 
disease./. Immu nol 159:3109-3112. 

47. Chapoval, S.P., ec al. 2002. Allergic inflammatory response to short rag- 
weed allergenic extract in HLA-DQ transgenic mice lacking CD4 gene. 
/. Immunol 168:890-899. 

48. Sakaguchi, M., Sugita, S., Sagawa, K., Itoh, K., and Mochizuki, M. 1998. 
Cytokine production by T cells infiltrating in the eye of uveitis patients. 
Jpn.J. Ophtalmol. 42:262-268. 

49. de Kozak, Y., and Verwaerde, C. 2002. Cytokine in immunotherapy of 
experimental uveitis. Int. lieu. Immunol. 21:231-253. 

50. Abraham, RS., and David, CS. 2000. Identification of HLA-class-II- 
restricted epitopes of autoantigens in transgenic mice. Curr. Opin. 
Immunol 12:122-129. 

51. Gosgrove, D., et al. 1991. Mice lacking MHC class II molecules. Cell. 
66:1051-1066. 

52. Lawrance, S.K., et al. 1989. Transgenic HLA-DR alpha faithfully recon- 
stitutes IE-controlled immune functions and induces cross-tolerance to 
E alpha in E alpha 0 mutant mice. Cell. 58:583-594. 



1180 



The Journal of Clinical Investigation | April 2003 | Volume 111 | Number 8 



Entrez PubMed 



Page 1 of 1 




Pub 




National §^"JI 
Library ffl&W 
of Medicine 



NLM 



Entrez 



PubMed 



Nucleotide 



Protein 



Genome 



Structure 



OMIM 



PMC 



Journals 



Search PubMed 



About Entrez 



Text Version 

Entrez PubMed 
Overview 
Heip | FAQ 
Tutorial 

New/Noteworthy 
E-Utilities 

PubMed Services 
Journals Database 
MeSH Database 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
LinkOut 
Cubby 

Related Resources . 
Order Documents 
NLM Gatewav 
TOXNET 
Consumer Health 
Clinical Alerts 
CtinicalTrials.gov 
PubMed Central 

Privacy Policy 



~3 forf 

Limits 



Go | Clear j 

Clipboard Details 



Display 



Abstract 



P re view/I ndex H istory 

3 Show: |20 jSort 3 Send t0 



Text 



T l: Clin Exp Immunol. 1990 Jun;80(3):400-3. 



Related Articles ! Linl 



HLA-DR, DQ and T cell antigen receptor constant beta genes in 
Japanese patients with ulcerative colitis, 

Kobayashi K, Atoh M, Konoeda Y, Yagita A, Inoko H, Sekiguchi S. 

Department of Laboratory Medicine, National Defense Medical College, 
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Normally, individuals do not form potentially destructive Abs to their own cells, but only to foreign 
Ags. This is because the body has developed a tolerance to the Ags (other than Igs) normally present 
within self. This state of the immune tolerance to self Ags is maintained by a complex network of T and 
B lymphocytes and their regulatory products. However, in certain diseases, we can produce Abs to our 
own cell or tissue components. This type of Ab is called an auto- Ab and the diseases associated with 
Auto-Abs are called autoimmune diseases. 

It is essential that the body be able to recognize self from nonself for survival. For example, the immune 
system can distinguish self MHC Ags on its own cells from those on foreign cells. Yet some 
physiological autoimmune reactivity against self-Ags (Abs) can occur and is normal. The auto-Abs 
produced by this action serve as physiological regulators of the immune system. Thus, auto-Abs can 
exist at normal physiological levels as components of the body's homeostatic mechanisms. It has been 
postulated that auto-Abs might also act as "biological taxis," transporting cellular breakdown products 
for their ultimate disposal. For example, myocardial infarcation (e.g., heart attack), we find apparently 
harmless auto-Abs to heart tissue, whose function is to clear away damaged heart tissue. But the 
appearance of normal auto-Abs is a carefully controlled event: if f goes awry and lymphocytes 
proliferate and large quantities of auto-Abs are produced , autoimmune disease can occur. The 
pathological breakdown of self tolerance will be discussed later. 

THEORIES OF BREAKDOWN IN SELF-TOLERANCE 

There are several ways that auto-Abs formation can be triggered. Scientists have been able to identify 
either the precipitating event that takes place just prior to the expression of disease or the underlying 
events that seen to eventually lead to a disease state, but not both . What was originally thought to be a 
simple matter of one common biological trigger for many autoimmune disorders is now known to be a 
puzzling assortment of triggers, which have to occur in the right space and time for disease to occur. For 
example, in juvenile diabetes, complement-fixing auto-Abs to the insulin producing islet cells of the 
pancreas cause their immune destruction with subsequent expression of the clinical symptoms of 
diabetes. When siblings of diabetics were tested, many possessed the same IgG auto-Abs directed 
against pancreatic B cells, but they showed no sign of disease. However, within 3 to seven years the 
siblings who tested positive for auto-Abs became frankly diabetic. This would indicate that there were 
other triggers that occur before the disease manifested itself; it was not just the presence of cytotoxic 
Abs that brought on the disease. But final sequence of events is still unknown. 

Another example suggesting that the presence of auto-Ab alone is not sufficient to cause disease is 
autoimmune hemolytic anemia. In this disease, monoclonal auto-Abs are formed against normal red 
blood cell constituents. The Abs coat the erythrocytes, causing clumping, lysis and premature clearance 
by the spleen. The immunological test used to diagnose this condition is called Coomb's test, which can 
assess whether an individual's red blood cells are coated with IgG Ab, However, a positive Coomb's test 
occurs without any evidence of hemolytic disease In a small percentage of healthy blood donors. Thus, 
although it is necessary for red blood cells to be coated with auto-Ab in hemolytic anemia, other factors 
also must be involved in order for disease to manifest itself. 

The triggers for autoimmune diseases are diverse and include immunological, genetic, viral, drug- 
induced and hormonal factors, acting singly or in combination, in time and space. At present many 
individual mechanisms have been identified, but how they interact with the immune network has not yet 
been elucidated. Mechanisms that have been shown to eventually cause a breakdown of self tolerance 
include (1) infection of somatic tissue by viruses, (2) development of altered self-Ags due to 
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binding of certain drugs to cell surfaces (3) cross reactivity of some Abs to bacterial Ags and 
self-determinants, (4) development of newly exposed Ags in the body, (5) the influence of 
hormones, and (6) breakdown in the immune network that recognizes self. 

A major focus of the immune system is to maintain self in the body. An event that could lead to a 
breakdown in self is viral infection. Since viruses can cause the display of viral Ags on the surface of 
body cells, viral antigenic expression could act to induce autoimmune diseases. Many animal viruses 
can a latent state, where they remain hidden and noninfective for long periods of time. However, in this 
state they might still influence the cell surface markers, which could lead to an autoimmune response. 
Viruses can also induce autoimmune diseases by polyclonal activation of lymphocytes, the release of 
subcellular organelles after viral lysis of the cell by antigenic mimicry or by functional impairment of 
regulatory immunocytes such as Ts or TH cells. Viral infections prior to disease have been associated 
with systemic lupus erythematosus (SLE), multiple sclerosis, and diabetes. 

Another way to alter cell-surface antigenic determinants is by binding of certain drugs. Hemolytic 
anemia can be produced in susceptible people taking the antibiotic penicillin. Penicillin can bind to 
erythrocytes and Abs that develop to the drug can then bind to the foreign antigenic penicillin 
molecules. It has been suggested that the membrane-bound penicillin can initiate events that lead to the 
activation of lymphocytes, previously silence by immune suppresser activity. Subsequent Ab formation 
against erythrocyte Ags and complement activation can lead to hemolysis and the onset of anemia. 

Autoimmune diseases can also be caused by the formation of Abs that crossreact with the host's Ags 
that crossreact with self-Ags in human somatic tissue. For example, in syphilis, caused by the spirochete 
Treponema pallidum, many people develop hemolytic anemia. It has been suggested that Abs raised 
against Treponema Ags can also crossreact with certain erythrocyte blood group Ags, thus bringing 
about the anemia. Antigenic mimicry is also seen in the pathology of Chaga's disease. There is evidence 
that Ags common to its causative agent, Trypanosoma cruzi, and human cardiac muscle produce the 
immunopathological lesions seen in this disease. In addition, crossreactions of Ags against 
Streptococcus Group A bacteria with human cardiac muscle are responsible for the myocardial effects of 
rheumatic fever. 

Hormones seem to influence the expression of certain autoimmune diseases as well. It is known that 
hormones of the hypothalamus, thyroid and adrenal glands affect the homeostasis of the lymphoid 
system and responses to Ags, by as yet uncharacterized mechanisms.. SLE and RA (rheumatoid 
arthritis) preferentially afflict women, where as more men develop myasthenia gravis. The predisposing 
factors in these instances appear to be the sex hormones. It is known that testosterone is 
immunoenhancing; but how these hormones contribute to the disease state has not been elucidated. 

Last, and perhaps most important, autoimmune diseases can be triggered by some breakdown in the 
immune network that strictly monitors the expression of self. The breakdown in the immune network 
can occur at many different levels. It could be at the level of expression of a defect in the functioning of 
the immunocyte. 

At the level of production defects, there is also the possibility that germline or somatic mutations of the 
B or T lymphocytes, by adversely affecting the microenvironment of either the stem cells, some other 
precursor cell, or the differentiating lymphoid cell. It is known that thymic hormones, such as thymosin 
and thymopoietin, are essential for differentiation of T cells and their helper, inducer, suppressor, and 
cytotoxic subsets. 

Defects in Ag recognition might also contribute to the expression of autoimmune diseases. For 
example, it has been suggested that the number of immunoreactive cells recognizing self-peptides and 
MHC molecules within the developing thymus might not be properly regulated. Consequently, cells 
(which should have been clonally deleted) might remain. These cells later could be stimulated 
inappropriately by combination with self-components altered by disease or other factors. Furthermore, 
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malfunction in the regulation of T cell expression could lead to contrasuppression of T cell function. It is 
believed that TS lymphocytes play an essential role in maintaining immune silence to certain self- 
components found in somatic tissue cells. Interference with (or contrasuppression of ) TS cell activity 
could lead to autoimmune diseases by allowing the immune system to interact positively with self-Ags. 
Alternatively, enhanced TH cell activity could also disrupt the immune network. Unresponsiveness, to 
self-Ags could be maintained by self-tolerance at the level of the TH cell. If activated, these tolerant TH 
cells could be induced to activate B cells to produce auto-Abs. 

The induction of autoimmunity could also be accomplished by bypassing T cells. For example, self 
reactive cells could be directly stimulated by polyclonal activators such as lipopolysaccharides (LPS), 
which can directly activate B lymphocytes. In this way, we could circumvent the tolerant T cells and by 
pass the regulatory mechanisms. This could lead to the direct activation of specific B cells, with su 
bsequent formation of Abs to self components. This has led to the suggestion that autoimmune diseases 
arise through a combination of polyclonal and Ag-specific stimulation. For example, polyclonal 
stimulation could cause expansion of B cell clones expressing surface receptors for self-Ags. Subsequent 
encounter with Ag would lead to activation . Moreover, it is possible that specific activation and self- 
Ag-driven selection of autoreactive B cells could occur. 

Since proper Ag presentation is essential for Ab production by B cells and T cell expression of its 
subsets and effector molecules, it is possible that macrophage detectors could produce an autoimmune 
response. Defects in Ag presentation could tip the scales to effect a choice of TH over TS cells in 
response to a self-Ag. There is littler information of the functional state of macrophages in autoimmune 
disorders yet it is accepted that mononuclear phagocytes play an essential role in determining how Ag is 
processed and presented to lymphocytes which underlies immune competency. 

Ag-processing macrophages also produce factors that influence the activities of lymphocytes. One of 
these is the monokine interleukin l(IL-l), a mitogenic regulatory molecule that stimulates TH activity. If 
pathological signals cause an inappropriate release of lymphokines the immune system could become 
primed to react to self-Ags in a way that would lead to tissue destruction. 

MECHANISM OF TISSUE DAMAGE IN AUTOIMMUNE DISEASES 

There are a variety of ways in which an autoimmune response can cause tissue damage. General 
mechanisms of action can be classified into the following groups: (1) damage by complement-fixing 
Abs raised against auto-Ags; (2) compromise of cellular function when auto-Abs bind to the cell surface 
receptors which mediate, degrade or block expression of differentiated function; (3) tissue damage when 
auto-Abs and soluble self-Ags form immune complexes and initiate a destructive inflammatory 
response; and (4) damage to cells through specific TC cell responses activated to destroy self-cellular 
Ags. 

Auto-Abs directed against self-Ags located on the membrane of body cells might bind to these Ags, 
activate serum complement, and cause cytolysis. This occurs in autoimmune hemolytic anemia, when 
IgG auto-Abs bind to certain blood group Ags, fix complement, and destroy the erythrocytes, thereby 
causing anemia. 

Auto-Abs can form against cell surface receptors, for example, hormone receptors. These auto-Abs 
can either mimic the function of the normal hormone, block hormone binding, or even degrade the 
receptor site. Thus, the formation of a receptor-auto- Ab complex alters the function and activity of the 
receptor. In myasthenia gravis, auto-Abs are produced to myocyte acetycholine receptors located at the 
neuromuscular junction. These Ags interfere with proper neurotransmission, diminish the contractility of 
the muscle cells and cause fatigue and weakness. In contrast, in thyrotoxicosis, binding of auto-Abs 
stimulates the thyroid gland, mimicking the action of the normal hormone. 

Auto-Abs can be produced against soluble self-Ags, which can form immune complexes. This might 
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lead to activation of the complement cascade, with the formation of the anaphylactic and chemotactic 
fragments, C3a and C5a. Histamine is then released and phagocytic activity is increased, causing an 
inflammatory response that is destructive to tissues at the site of immune-complex formation. This is the 
usual series of events during acute episodes in SLE, when auto-Abs to DNA generate anti-DNA: DNA 
complexes with subsequent inflammation. 
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The recognition of self-Ags as immunostimulatory can lead to the initiation and expansion of T 
lymphocyte subsets. Populations of phagocytic cells ant TC cells would be drawn to the antigenic site 
and proceed to destroy cells displaying the specific self-Ags. An example of this type of immune 
mechanism is autoimmune thyroiditis, where accumulation of phagocytic and cytolytic cells can be 
found in the thyroid lesions. 

DIAGNOSTIC TESTING 

Although, selective methods can be employed to detect each autoimmune disease, testing generally falls 
into three categories: (1) immunofluorescence, (2) agglutination, and (3) radioimmunoassay. 

The indirect immunofluorescence(IF) test is usually used in the detection of autoimmune disorders. 
This test may be employed to determine the presence of auto-Abs in serum. Frozen tissue samples, 
displaying the suspected self-Ag, are incubated with a sample of the person's serum. If the serum 
contains auto-Ab, the Ig binds to the surface self-Ags. Then anti-human IgG Ab, tagged with a 
fluorescent dye, is added. If auto-Abs are bound to the tissue cells, the fluorescent anti-IgG molecule 
will bind to the Fc portion of these auto-Abs and the cells will fluoresce when viewed with a 
fluorescence microscope. Cells that are unaffected by auto-Ab will not fluoresce and will appear dark 
against the glowing cells that are affected by autoimmune disease. This type of testing is used to 
diagnose autoimmune diseases like Hashimoto's thyroiditis, juvenile diabetes, Goodpasture's syndrome, 
myasthenia gravis, RA and SLE. 

In the direct agglutination test, serum is added to a suspension of cells that have the surface self-Ag to 
be tested. 
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INDIRECT 




If the individual's serum contains the specific auto-Abs, Ig will bind and, at the appropriate Ab 
concentration, the cells will become cross linked. This will cause agglutination , and the cells will form a 
mat at the bottom of the test well. Auto-Abs attached to a patient's cells can be detected by the addition 
of a second Ab and observed for agglutination. 

Selective soluble self-Ags can also be used to assay auto-Abs by attaching them to the surface of red 
blood cells. This latter type of agglutination test is called passive or indirect hemagglutination. 
Agglutination tests are commonly used to detect RFs (RA), thyroglobulin auto-Abs (thyroiditis), and red 
blood cell Abs (autoimmune hemolytic anemia). 

The radioimmunoassay (RIA) is a very sensitive technique for detecting small quantities of auto-Abs 
in the serum of persons suspected of having autoimmune disease. 
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Ag can be adsorbed onto the inner surface of a plastic tube and test serum can then be added. If the 
serum contains auto-Abs specific for the bound Ag, it will bind to the Ag. A radioactively labeled 
secondary Ab (anti-human IgG) can then be added which attaches only to the Fc portion of IgG. The 
tube is washed and then the radioactivity in the tube is measured in a gamma counter. If the serum does 
not contain auto-Abs, then none of the radioactive IgG should bind, and there should be little 
radioactivity in the tube. However, small amounts of auto-Ab in the serum should lead to the binding of 
labeled anti-IgG, which can be detected in the gamma counter. RIAs are used to determine the presence 
of intrinsic factor (pernicious anemia), anti-DNA Abs (SLE), and antithyroglobulin IgG (thyroiditis). 
These tests can also be used to screen people who are considered at risk for a specific autoimmune 
disease. 

SELECTED AUTOIMMUNE DISEASES: ORGAN SPECIFIC 

The tissue destruction that occurs is restricted to the specific Ags localized in that organ. Hence, the 
specific auto-Ab will not attack other organs. There can be overlap with other organ-specific diseases, 
which predispose the individual to other autoimmune diseases. In such cases the auto-Abs are separate 
and the organ destruction is distinct. An example of this situation occurs with the increased 
predisposition of individuals with pernicious anemia to developing thryroiditis. The auto-Abs and 
organs affected are different, but the expression of one disease seems to lead to further breakdown in 
self-tolerance in other organ systems. . 

Autoimmune Anemias 

In pernicious anemia , an Ig G auto-Ab can be made that binds to a specific receptor secreted by 
stomach cells that is responsible for transporting vitamin B12 in the small intestine. 
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The receptor is a membrane-bound protein called intrinsic factor. The binding of auto-Ab to intrinsic 
factor can block transport of vitamin B12. Vitamin B12 can not be synthesized by the body, but is 
supplied by diet and is transported across the intestinal wall principally by intrinsic factor. Vitamin B12 
is essential for the proper maturation of erythrocytes. Depriving the body of vitamin B12 leads to the 
release of immature erythrocytes that do not function well as transporters of oxygen. If pernicious 
anemia is not treated with injection of vitamin B12 (delivered to the blood stream, thus by passing 
intestinal absorption), the individual will die. 

Autoimmune hemolytic anemia encompass a wide spectrum of disease states that are typified by the 
production of auto-Abs that can bind to erythrocyte blood group Ags. Autoimmune anemias that are not 
drug induced fall into two major classes: warm and cold Ab types. Warm Abs are mainly IgG auto-Abs 
but can also include Ig M auto-Abs that will optimally agglutinate erythrocytes at body temperature . 
Cold Abs are IgM auto-Abs that agglutinate erythrocytes only when the blood is chilled. 

Although the etiology is unknown, warm-reactive auto-Abs, are usually formed against the Rh system 
Ags. The binding of Ab to the erythrocytes in the body usually results in rapid clearance of sensitized 
erythrocytes in the spleen, thereby causing anemia. In contrast, cold-reactive auto-A bs, whose 
specificity is against the Ii blood Ag system, can bind, fix complement, and cause hemolysis in areas 
where peripheral circulation temperatures fall below 37oC . 

Agglutination can also occur. Consequently, in the extremities (hands, feet, and ears), erythrocytes can 
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agglutinate in peripheral capillary beds, causing blockage and leading to tissue destruction. 
Complement-mediated hemolysis can occur as well, provoking intravascular lesions in these regions. 
Thus, the IgM auto-Abs cause a different type of disease from that caused by IgG warm -reactive auto- 
Abs. 

Drug-induced immune hemolytic anemia occurs when certain drugs associate themselves with 
erythrocytes. If Abs are formed to the drug's antigenic determinants, the association with red blood cells 
results in Ab binding to erythrocytes, causing hemagglutination or hemolysis. This leads to anemia. The 
association with the red blood cell membrane can be either direct binding or indirect adsorption . Direct 
binding of the antigenic drug to the erythrocytes can lead to Ab binding and complement-mediated 
cytolysis. Hemolysis can be either due to Ab, specific for the drug, or auto-Ab, specific for certain blood 
group Ags on the erythrocyte surface. In the latter case, it is believed that direct binding of the drug 
somehow induces a breakdown in tolerance, leading to the formation of auto-Abs to erythrocyte surface 
determinants, with subsequent immune lysis of the affected erythrocytes. 

In indirect binding, previously formed immune complexes (drugTgG Ab) can be passively adsorbed 
onto the erythrocyte, which is an innocent bystander damaged in the subsequent complement-mediated 
lysis. Many antibiotics, antihistamines, and even aspirin can lead to these immune events. Fortunately, 
the symptoms usually resolve themselves spontaneously once the person discontinues the use of the 
drug. 

Autoimmune Encephalomyelitis 

Encephalomyelitis is a rare disorder of the nervous system that is becoming more common because of 
the practice of vaccination. Encephalomyelitis refers to an inflammatory condition of the brain and 
spinal cord. One example is a reaction to a certain type of rabies vaccine. Formerly, if a person was 
bitten by a rabid animal, vaccine would be given through the so-called Pasteur treatment. The rabies 
virus was injected into a rabbit, where it multiplied in the brain and spinal cord. The virus subsequently 
harvested from the rabbit's brain tissue, inactivated, and injected abdominally through a series of 
injections over a three week period. In some instances, an immune reaction against myelin in neural 
tissues resulted, thereby inducing autoimmune encephalomyelitis in the treated individual . Rabies 
vaccines currently in use are safer and do not induce this autoimmune reaction. 

Although this treatment immunizes some against rabies, it can produce fatal encephalomyelitis in others. 
The vaccine is often contaminated with rabbit brain Ags, which can be seen as antigenic by some 
individuals. Unfortunately, the Abs raised can also cross-react with human brain self-Ags. These 
crossreacting Abs bind to human brain and spinal cord tissues, fixing complement, destroying the 
antigenic cells and causing a massive inflammatory reaction with macrophage and lymphocyte 
infiltration. Brain lesions develop, along with demyelination and axon damage. Death can rapidly ensue 
from a vaccine-induced autoimmune response. 

Autoimmune Thyroid Disease 

The thyroid is an endocrine organ that synthesizes hormones, such as thyroxin, that are essential for 
proper body growth and metabolism. Thyroid diseases fall into three clinical categories: (1) Graves' 
disease or hypothyroidism(hyperactive) ; (2) Hashimoto's disease, or hypothyroidism (underactive); and 
(3) myxedema, where there is a near loss of thyroid function. The primary cause for any autoimmune 
thyroiditis is unknown. Interestingly, there can be a steady progression from Graves' disease to 
myxedema in the same individual. 

With Graves' disease, we can find the presence of an auto-Ab to thyroid- stimulating hormone (TSH) 
receptors can be detected by IF. The thyroid cells are normally stimulated when TSH from the pituitary 
gland binds to cell receptors. When combined with the thyroid TSH receptor, auto-Ab can also stimulate 
the thyroid cells to secrete hormones. This would produce the hyperactive thyroid condition of Graves' 
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disease. Treatment may include surgical removal of the thyroid, with subsequent hormone therapy or use 
of antithyroid drugs. 

The progression to Hashimoto's disease involves further complications. Here the thyroid gland 
becomes infiltrated with lymphocytes and phagocytes, causing inflammation and appearance of a goiter 
(enlargement of the thyroid). Different auto-Abs appear that can either bind to the protein thyroglobulin 
or to a cytoplasmic constituent located in thyroid epithelial cells. It is believed that complement- 
mediated Ab lysis plays a vital role in the destruction of thyroid cells coated with thyroglobullin or 
thyroid microsomes. In addition, cell-mediated immune responses also influence the course of this 
disease , as evidenced by the infiltration of phagocytic neutrophils, macrophages, and cytotoxic 
lymphocytes. Both humoral and cell-mediated reactions lead to the diminished function of the thyroid 
gland. Antithyroglobulfn and antithyroid cell microsomal Abs can be detected by IF or agglutination 
techniques. Hormone replacement therapy is the primary means of treating Hasimoto's disease. 

The symptoms of myxedema are manifested because of a near loss of thyroid function and thyroxine 
synthesis. Because thyroxine plays such an important role in the body's metabolism, lack of this 
hormone seriously upsets the balance of many bodily processes, including reproductive, immune, 
cardiovascular, and digestive functions. Myxedemena can be diagnosed by IF techniques detecting the 
presence of thyroglobulin auto-Abs. It is treated by administration of thyroid extract or synthetic thyroid 
hormones. If treatment is started soon after the symptoms first appear, recovery can be complete. 

The more progressive destruction seen in myxedema seems to involve several immune mechanisms 
including auto-Ab production, B and T cells, and various Ags released from the damaged thyroid tissue. 
The cytotoxic responses are so dramatic that they lead to almost complete destruction of the glandular 
tissue. Histological examination reveals a chronic inflammatory response, with tissue destruction 
mediated by monocytes and macrophages. Eventual fibrosis occurs. Yet, unlike Hashimoto's disease, in 
myxedema the thyroid does not become a goiter, rather it shrinks. 

Diabetes Mellitus 

There are different forms of diabetes mellitus, for example, juvenile and maturity-onset diabetes. In all 
cases, the hormone insulin is prevented from playing its metabolic role as a mediator of glucose 
transport across cell membranes. This can comprise basic metabolic functions of cells and, if left 
untreated, can lead to a number of organ pathologies and even to death. What typifies many forms of 
diabetes is the pathological role of the immune system, where the formation of auto-Abs can lead to the 
clinical symptoms. 

In one form of maturity-onset diabetes, the number of free insulin receptors is reduced due to binding 
of auto-Ab directed against the Auto-Ab binding to insulin receptor sites can diminish cellular responses 
to insulin since few sites remain free for the hormone to bind. This insulin-resistant form of diabetes can 
be treated with injections of insulin at concentrations many times higher than normal in order for the 
insulin to better compete for receptor sites. 

In juvenile diabetes also called insulin-dependent diabetes mellitus(IDDM), auto-Abs to self-Ags 
located on the islet cells of the pancreas can lead to cytolysis. These IgG auto-Abs can fix complement 
and mediate the lysis of the insulin -producing Bcells in the islets of Langerhans of the pancreas. 
Detection of the auto-Abs can be made by RIA or IF techniques. Several auto-Abs have been isolated. 
These include a cytoplasic islet cell auto-Ab, and Ab to a 64 kD islet cell protein , and an auto-Ab to 
insulin. Of these, the 64kD Ab might serve as an important predictor of IDDM since it appears before 
symptoms of diabetes are expressed.. 

The cause for loss of self-tolerance is unknown, but it is associated with certain MHC loci and may also 
be induced by certain enterovirus infections. Certain alleles in the HLA-DQ, HLA-DR3 and HLA-DR4 
loci on chromosome 6 appear to be associated with increased susceptibility to IDDM. This locus appears 
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Goodpasture's Syndrome 

The kidney is an organ whose proper functions essential for survival. Chronic renal failure can lead to 
lethal complications if left untreated. One form of chronic renal failure is rapidly progressive 
glomerulonephritis resulting from inflammation of the functional unit of the kidney, the nephron, 
Goodpasture's syndrome is a good example of this type of disease. It is a rare autoimmune disease that 
usually affects young men. is etiology is unknown, but IF techniques demonstrate the presence of 
autoimmune Abs against the glomerular basement membrane, the glomerulus is a part of the nephron 
unit that is a capillary network where filtration of the plasma takes place. The IgG auto-Ab can fix 
complement and so cause necrosis of the glomerulus with loss of renal function. Immune complexes 
(self-Ag: auto-Ag) forma an even layer on the basal lamina and lead to Type III hypresensitivity 
reactions. Ig deposits can also found along the basal lamina in the alveoli of the lung, leading to 
hemorrhages in the lung, thus, it appears that there is crossreaction between the basal lamina of the lung 
and the kidney's glomerular basal lamina. The treatment of this disease consists of hemodialysis, but 
individuals often die of lung hemorrhage. 

Multiple Sclerosis 

Multiple Sclerosis(MS) is a demyelinating disease of the central nervous system (CNS). It is 
characterized by patchy inflammatory lesions scattered throughout the myelin-containing areas (white 
matter) of the CNS. Myelin is a fatty, insulating substance that forms an interrupted sheath around 
certain neurons. It allows for the faster conduction of nerve impulses. In demyelinating disease, the 
removal of myelin can lead to a slowing down of the nerve impulse in the affected neurons, since 
temporal and spatial interactions among neurons are common, upsetting the timing in even partially 
demyelinated neurons can lead to gross neurological dysfunction. 

In MS, the demyelination appears to have an immunological, autoimmune component. This is 
interesting since neural cells do not normally express either class I or class II MHC Ags. The triggering 
mechanism is not clear, but prior exposure to a virus seems one way autoimmune demyelination might 
be induced . It has been shown, in some animal systems, that infection with certain viruses insures class 
I MHC Ags on brain glial cells. Glial cells are accessory cells of the brain that normally do not express 
these Ags on their surfaces. This induction might occur through soluble factors released by infected glial 
cells and could set the stage for a breakdown in self-tolerance, leading to virus-induced, immune- 
mediated demyelination in the CNS. 

Demyelination seems to be mediated by immune responses to the self-Ag, myelin. The resulting 
antimyelin Ab can bind and initiate complement-mediated destruction of the myelin sheath (forming 
Sclerotic plaques) as seen in early active disease. 
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Activation of the complement cascade releases fragments C3a and C5a that can mediate an 
inflammatory response, causing further local tissue damage. Cell-mediated cytotoxic responses also 
seem to be involved in the immune pathogenesis of this disease in later, older lesions. 

There also seems to be an MHC component to this disease. Increased risk is associated with a specific 
haplotype in the HLA-DR2 region (MHC Class II) located on chromosome 6. If environmental factors, 
such a as a viral infection, are added to the picture, the risk is statistically greater. It has been suggested 
that a childhood viral infection may become latent and reappear in adult life to activate MHC-restricted 
Ags and initiate subsequent responses. 

Myasthenia Gravis 

The name myasthenia gravis means grave muscle weakness. Skeletal muscles thus affected become 
rapidly fatigued and have a prolonged recovery time. The cause of this disease is unknown. Initial 
symptoms involve the eye muscles, causing droopy eyelids , with gradual involvement of other skeletal 
muscles. Death can result if the respiratory muscles become affected. Skeletal muscle cells are 
innervated by somatic motor neurons that release the neurotransmitter, ACh, into the neuromuscular 
junction where it diffuses over to the muscle membrane. Located on the skeletal muscle membrane are 
ACh receptors. When enough of these receptors are loaded with neurotransmitter, a signal can be 
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initiated, leading to the contraction of the skeletal muscle cell. Rapid destruction of ACh is brought 
about by a membrane-bound enzyme, cholinesterase, located next to ACh receptor sites. Thus, enough 
ACh must be released at one time to counteract cholinesterase and load enough receptors to effect a 
contraction response. In myasthenia gravis, the proper sequence of events are the neuromuscular 
junction does not occur, leading to the physiological symptoms of aberrant muscle contraction. The 
basic abnormality is a reduction in the number of ACh receptors on muscle membranes at the 
neuromuscular junction, brought about by an Ab-mediated autoimmune attack. The auto-Ab formed is 
against the ACh receptor. These anti-ACh receptor Abs can activate complement, form immune 
complexes, promote Ab-dependent cellular cytotoxicity(ADCC) responses, and cause endocytosis of 
these receptors . All of these events lead to the reduction in the number of ACh receptors. If enough 
receptors are destroyed, muscle contraction cannot be triggered unless cholinesterase activity is inhibited 
so that receptor sites remaining can be continually stimulated by ACh. 

SELECTED AUTOIMMUNE DISEASES: SYSTEMIC DISEASES 

Systemic autoimmune diseases can invade many regions of the body. Often circulating immune 
complexes are deposited in several different organ regions. This occurs when immune complexes 
become lodged in small capillary beds as the blood flows through the vascular system. Auto-Abs to 
soluble self-Ags complex with each other and migrate to preferred sites that differ depending on the 
disease state. Two autoimmune disorders are explored in this section, namely RA and SLE. Immune 
complexes are preferentially found in the joints of the skeletal system in RA and mainly in the kidney, 
joints, and skin in SLE. As organ -specific diseases overlap with each other, systemic diseases can too. 
In fact, RA is frequently associated with SLE. Thus, complexes being deposited systematically to give 
rise to the more disseminated feature of these nonorganspecific diseases. 

Rheumatoid Arthritis 

RA is a progressive debilitating inflammatory disease of connective tissues. The most common sites 
affected by this disease are joints. This disease can be characterized by acute phases, followed by 
periods of remission. Other organs that can be involved in this systemic disorder include the lung, eye, 
skin, and nervous system. The course of the disease is variable, but can lead to death in active 
progressive forms, usually due to infection or complications of therapy. 

One diagnostic test for RA is an RIA to detect the presence of RFs (IgG and IgM) in the serum . The 
cause of the disease is uncertain, but it has been suggested that infection with EBV may lead to 
activation of a synovial B lymphocytes to produce an abnormal IgG Ab. The immune response to the 
novel Fc region of this Ig G may be the production of RF, which can subsequently lead to immune- 
complex formation in the synovial fluid. 

RA usually affects the freely movable joints, the ends of the bone are covered with articular cartilage 
and are held together by a capsule of fibrous tissue called a joint capsule. This joint capsule is composed 
of an outer layer of ligaments and an inner lining of synovial membrane that secretes synovial fluid, 
which acts as a joint lubricant. In RA, the formation of immune complexes initiates and amplifies an 
inflammatory response, causing synovial membrane damage and cell lysis. 

Complement fragments, C3a and C5a, have anaphylatoxic and chemotactic properties. The anaphylactic 
activity leads to the localized release of histamine by mast cells and monocytes, producing symptoms 
like swelling of joints, redness and pain. Chemotactic factors can cause an influx of phagocytes to the 
site. These cells can also be provoked to release lysosomal enzymes into the synovial space, which 
furthers the inflammatory and proliferative response of the synovium. 

As inflammation worsens, T and B cells can also be detected and their interaction may ensure the 
continued production of Igs, continuing the vicious cycle of this immune-complex syndrome. 
Circulating lymphocytes can enter the joint tissue from venules called the high endothelial venules. 
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During an acute episode, the proliferating cells of the synovium can grow into the joint cavity and form 
pannus. Pannus, is composed of vascularized fibrous scar tissue that can invade the joint cavity and 
spread the inflammation to the articular cartilage. The hydrolytic enzymes released can erode the 
cartilage leading to joint destruction and other complications. There are a number of substances that can 
activate synoviocytes, including IL-1 and monocyte-derived tumor necrosis factor. Alternatively, the 
nervous system can also be involved with the release of the neuropeptide substance P, which can 
stimulate synoviocyte proliferation. This suggest a link between the nervous and immune systems in the 
expression of this disease state. Substance P is normally involved in the transmission of pain signals, but 
when released into joint tissue by sensory nerves, can stimulate the release of prostaglandins and 
collagenase from the rheumatoid synoviocytes. These results can also be obtained from IL-1 and TNF. 
Perhaps pannus formation is enhanced with the stimulation of synoviocyte proliferation by long term 
exposure to these immune and neuronals factors. 

Systemic Lupus Erythematosus 

SLE is a multisystem, chronic, autoimmune disease. It involves immunological reactions to a number of 
self-Ags, resulting in an inflammatory process. The disease mainly affects middle-aged women and is 
characterized by acute flare-ups and remissions. The prognosis is very individualistic, but death can 
result if the inflammatory response compromises the function of certain organs, as occurs in lupus 
nephritis. The name lupus (Latin for wolf) was given to describe the characteristic butterfly facial rash, 
resembling the coloring of a wolf, that can occur, systemic refers to the multiorgan involvement and 
erythematosus to the redness to the skin rash. 

Diagnosis of SLE has traditionally been based on the observation of a characteristic "LE" cell. Immune 
diagnosis of the disease also can be made by RIA techniques detecting the main auto-Ab in lupus, 
namely, antinuclear Ab. If kidney involvement is suspected, then IF studies on kidney tissue can reveal 
"lumpy" deposits of complexes along glomerular basal lamina. Other common symptoms, beside the 
skin rashes, are pleurisy, arthritic joint pain, and kidney damage. 

SLE is a puzzling autoimmune disease because of the great variety of Abs against tissue and cellular 
components, such as DNA, RNA, and cytoplasmic elements, found in the serum. It is not a monoclonal 
disease and perhaps reflects a more generalized loss of tolerance to a number of self-Ags, as seen by the 
wide range of auto-Abs formed. In many individuals, there is a deficiency of Ts cells, which suggests 
that the loss of tolerance might be due to a release of inhibition imposed by suppressor cells and their 
products. HLA and viral involvement in triggering the apparent contrasuppression of the B plasma cell 
system has been proposed. The MHC gene region, HLA-DR3, is suspect in SLE, as are latent viral 
infections. 

The main auto-Ab found in SLE is anti-DNA, which can complex with free DNA to form immune 
complexes. The resulting circulating immune complexes can become deposited at any number of tissue 
sites in the body. Once deposited ,the ensuing activation of complement can bring about generalized 
inflammation ,ADCC and activation of the phagocyte systems. Neutrophils and mononuclear cells can 
be provoked to release degradative hydrolytic enzymes, which only further the tissue damage until the 
immune complexes are removed. The disease goes into remission only when synthesis of the auto-Ab 
downshifts, and the majority of immune complexes are cleared away. 




1 
1 
I 



http://ntri.tamuk.edu/immunology/autoimmunity.html 



4/21/2004 



AUTOIMMUNITY p age 14 of 14 

This page is maintained by the Natural Toxins Research Center at Texas A&M University - Kingsville. 



http://ntri.tamuk.edu/immunology/autoimmunity.html 



4/21/2004 



Arch Intern Med — Abstracts: Sridama et al. 147 (2): 229 
JAMA&ARCHIVES 



Page 1 of 1 



j Select Journal or Resource 



ARCHIVES OF 

INTERNAL MEDICINE 



SEARCH THIS JOURNAL: 



GO TO BOURNCED SEARCH > 



HbriE/;r^cyRRENT;rssu 



Vol. 147 No. 2, February 1, 1987 

ARTICLE 



Jfl BLE OF ' C'O'H.TEKLTS • 



HLA immunogenetic heterogeneity in black American 
patients with Graves 1 disease 

V. Sridama, Y. Hara, R. Fauchet and L. J. DeGroot 



Feature 

■ E-mail Ale 
Article C 

* Send to a F 

* Similar arti< 
journal 

Literati* 

•Add to File 

* Download t 
Manager 

* PubMed cit; 
■Articles in F 

•Sridama V 
•DeGroot L 
•Articles tha 
article 

•Contact me 
article is cit 



Seventy-three American black patients with Graves' disease were typed forHLA-A, 
HLA-B, and HLA-DR antigens. There was a slight increase in HLA-DRw6 antigen 
frequency compared with 238 normal American black controls, but this was not 
significant after correction for the number of antigens tested. A significant increase in 
HLA-DR4 and HLA-DRw6 frequency was found in a subgroup of patients with 
exophthalmos (22.9% and 29.2% compared with 7.6% and 10.1% of normal black 
controls). There was a significant increase in HLA-DRw6 in a subgroup of patients who were thyi 
antibody-positive (26.0%), The increment in HLA-DRw6 was higher in 32 patients who had both 
exophthalmos and who were antibody positive (37.5%). A significant increase in HLA-DR5 was f 
subgroup of patients who did not have exophthalmos and who were antibody-negative (83.3%). 
findings support previous evidence for immunogenetic heterogeneity in patients with toxic Grave 
In American blacks HLA-DRw6 is in some way associated with the disease in contrast to the well 
recognized HLA-DR3 association in whites. 
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auToavuoooudTcov evavni too uno6oxea (enavGovri EAT 
oe novri'Kia una and avooonoi'non ue ouvSrtiKd 
n£nTi'6ia tou TSH-R. nou aviicaoixouv oe T-Enndnouc,). 

Me mv nopoOoo auaoKdnnon Kaia6£i'x0nKE n 
anocpooioriKri onpaoia tcov auTOQvuotoudToov koto tcov 
ipicov KUpieov avrivbvcov iou o6eva ainv naSovEVEia 
tcov auiodvoocov nciGrioecov too GupeoeiSouc,, cnn 
6idvva5on, arnv KAivmri cmdva koi m Beponefa touc, ; 
dncoc. kgi o poAoc aoTo6poariKcov T-AeucpOKundpcov 
e'vav-n 6upEOEi6iKcov avrivdvcov ornv aoTodvoon 
6t£pvaoi'a. 

H ouvxpovn epeuva otoxeoei oripepa arnv touto- 
nofnan Kupicov T- koi B-enndncov tcov Tpicov Supeoci- 



Smcov QuioavtiYdvcov, cnn 6ie£o6inri ueAe'in ve'cov 
6up£O£i6iK0C)v avuvdvcov, dncoc, o peTocpopE'ac, 10061'ou 
(N1S, Na'/I-symporter) koi to ueuBpaviKb avrivdvo 64 
kD oe ouvdpxnon ue in 6upEoei6iKri o(p6ahuond8aa, 
ko6coc 

koi ornv avdniu^n evoc, a^idmcnou nEipapaTiKOu 
uovrEnooinc, vdaou Graves. Oi £p£ovniiK£'g npoondOEiec, 
EniKEvrpcovovrai napdAAnAa arnv KOiavdnon tcov 
no6ovevETiKcov pnxavioucov, p£ eucpaon can Siepeuvnon 
mc ouuuetoxric, ononTCJTiKcov pnxavioucov arnv kotq- 
cnpocpri tcov Gop£OEi6iKc5v Kundpcov and to T-Aepcpo- 
KOnGpa ; and to onofa SinGEirai o aSevac; larnv auiod- 
voon vdoo. 



ABSTRACT 

Thyroid autoimmunity. Autoantigens, autoantibodies, 
autoreactive T-Iymphocytes, pathogenesis 

P. LYMBERI, 1 G. PHILIPPOU 2 
immunology Department, Hellenic Pasteur Institute 
2 2 st Endocrine Section, "Alexandra" Hospital, Athens, Greece 

Archives of Hellenic Medicine 1999, 16(4):337-351 

Autoimmune thyroid disease has been the paradigm of organ-specific autoimmunity for over 30 years. The 
high incidence in the general population, the easy access to the target organ and the existence of well estab- 
lished animal models of thyroiditis have facilitated research on the pathogenesis of the disease. Thyroid autoim- 
mune syndromes -Graves' disease, Hashimoto's thyroiditis, primary myxedema or primary hypothyroidism, 
and postpartum thyroiditis- are characterized by reactivity to self thyroid antigens involving autoreactive T cells 
and/or circulating autoantibodies. There are three distinct and well characterized thyroid autoantigens: thy- 
roglobulin (TG), thyroid peroxidase (TPO, previously known as "microsomal antigen"), and the thyroid stimu- 
lating hormone (TSH) receptor (TSH-R). Autoantibodies to the TSH receptor are responsible for hyperthy- 
roidism in Graves' disease, whereas antibodies to TPO and TG, in high titles, are associated with Hashimoto's 
disease and primary myxedema. Thyroid autoantibodies are easily measured by simple, sensitive and specif- 
ic radio- and enzyme-immunoassays. The molecular cloning of genes encoding for all three thyroid autoanti- 
gens has had a major impact on the understanding of their autoantigenicity. Knowledge of their primary struc- 
tures allowed the identification of linear B- and T-cell epitopes through the use of recombinant antigen frag- 
ments or synthetic peptides. In general, there is a correlation between these diseases and the genetic loci of 
HLA-DR and HLA-DQ (HLA class II) regions. Particularly in Caucasians, Graves' disease is related to DR3 hap- 
lotype, Hashimoto's thyroiditis to HLA-DR4, DR5 koi DQ7, and primary myxedema with HLA-DR5 koi DQ7. 
Research is supported by the development of animal models, spontaneously-developed in certain strains or 
artificially-induced in normal' animals by administration of the relevant peptides. These thyroid-based animal 
models also constitute precious tools for the study of organ-specific autoimmunity. 

Key words: Autoimmune thyroid disease, Autoreactive T-lymphocytes, Thyroid autoantibodies, Thyroid autoantigens 
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HLA-DRB1 association 
in Turkish psoriasis vulgaris 
patients 
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Akinturk Semra h , Kocabalkan-^latki Dilek h , 
Carin Mahmut" 

School of Medicine, Istanbul University, 
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Psoriasis vulgaris (PV) is a skin disease 
present in 1-3% of the Caucasoid population 
[1]. Although genetic, immunological and en- 
vironmental factors foster PY there is evi- 
dence that immune system activation plays a 
central role in keratinocyte hyperprolifera- 
tion, a typical feature of psoriasis. Moreover, 
actively dividing T cells accumulate in psori- 
atic lesions, apart from the presence of a vari- 
ety of other antigen-presenting, effector and 
inflammatory cells in psoriatic skin [2]. Pep- 
tide presentation by MHC class II molecules 
is important in human autoimmune diseases. 
Most of these autoimmune diseases are ge- 
netically linked to particular alleles of the class 
II molecules, and much sequence information 
has also accumulated on the polymorphisms 
in these genes. In some autoimmune diseases 
almost all of the patients cany particular alle- 
les of MHC class II genes (e.g. pemphigus vul- 
garis). In other autoimmune diseases several 
different MHC class II alleles cany increased 
risk, presumably because different MHC class 
II molecules present the relevant peptide(s) to 
T cells [3]. 



Studies have shown psoriasis susceptibity 
loci on chromosomes as follows: 1,2,3,4, 6th, 
8th, 16, 17, 19 and 20. As seen with most au- 
toimmune diseases, psoriasis is found on 6p 
and associated with allelic component of the 
major histocompatibility complex [4]. HLA 
antigens are analysed in different populations 
and PV has been associated with several HLA 
class I and class II specifities [5-9], 

Among these class I ph en o types Cw6 and 
B57 have been most consistently reported. 
The alleles corresponding to these pheno- 
types are in linkage disequilibrium in normal 
individuals and compose the proximal class I 
end of an ancestral haplotype called EH57.1. 
The class II side of EH57.1 ancestral haplo- 
type contains DRB1* 07 and some other 
DRBl alleles [10]. Studies suggest several ge- 
netic backgrounds for PV [11]. The first 
choice is that more than one allele at a single 
locus may confer susceptibility. The second is 
that alleles at more than one locus within the 
HLA region may also confer susceptibility. 
The true disease locus could be linked to, but 
separate from, one or more known HLA 
genes. Although present HLA association in- 
formation tends to support the last-men- 
tioned hypothesis, it does not in fact rule out 
the first two. A close linkage between HLA 
class III and PV has been reported in an In- 
dian population [12], 

This study investigates HLA-DRB 1 as- 
sociation with PV in a Turkish population. 

Material and methods 

Patients 

The case group of this retrospective as- 
sociation study consisted of 59 unrelated late 
onset PV patients (33 males and 26 females 
aged 18-69 years, median age 36.75 ± 12.72) 
diagnosed and under the surveillance of 



Istanbul University Faculty of Medicine Der- 
matology Department. 89 control subjects 
were also included. The control subjects (47 
males and 41 females aged 18-60 years, me- 
dian age 30.07 ± 12.77) were drawn randomly 
from volunteer donors of Istanbul University 
Faculty of Medicine Bone Marrow and Stem 
Cell Bank. 

HLA typing 

DNA was extracted from peripheral 
blood by a standard method [13]. All patients 
and controls were typed at the Department of 
Medical Biology, Istanbul Medical School, 
which is accredited to perform clinical tissue 
typing by the European Federation of Im- 
muno gene tics (EFI). Typing was performed 
by the sequence specific oligonucleotide 
primer (PCR-SSOP) method using Dynal 
RELI SSO HLA-DR. Amplification was per- 
formed on a 9700 thermal cycle (PE Biosys- 
tems, CA). This is followed by hybridisation; 
60 pi denaturation solution was added to each 
amplified product for 10-15 min at STP to 
allow for complete denaturation [14]. Dynal 
AuruReli48 automated machine (Dynal, UK) 
was used for detection. Hybridisation and cit- 
rate buffers are prepared 3h in advance, and 
substrate and conjugate solutions just before 
each assay. The PMP5 program was used to 
interpret the data. 

A logistic regression model was used to 
analyse the data. Significance was taken as 
p <0.05. 

Results 

The PV patients in this study had an av- 
erage age of 36.75 ± 12.72; the minimum age 
was 12 and the maximum age 69. 55.9% of 
the PV patients (n: 33) were male and 44.1% 
(n: 26) female. There were 89 control subjects 



Table 1 HLA-DR p Sig. Exp (0 ) Confidence Interval 

Logistic regression analysis of HLA-DRB1 * Iower u PP er 

alleles in psoriasis vulgaris patients. DRBP01 0.899 0.297 2.456 0.453 13.311 

DRBK15 0.288 0.781 1.334 0.174 10.198 

DRB1M6 -0.052 0.961 0.949 0.119 7.578 

DRBP03 1.775 0.013 -0.067 1.454 23.937 

DRB1*04 . -2.135 0.155 0.118 0.006 2.246 

DRBIM1 -0.573 0.661 0.564 0.154 2.060 

DRB1M3 -1.641 0.030 0.073 0.044 0.850 

DRB1M4 -1.426 0.061 0.240 0.054 1.068 

DRB1*07 -4.591 0.004 0.010 0.000 0.223 

DRBP08 -1.365 0.069 0.211 0.030 2.164 

DRB1*<)9 2.082 0.926 8.019 • 0.000 7.58E+19 

DRB1M0 -1.021 0.240 0.360 0.066 1 .980 

DR 52 0.366 0.625 1.442 0.333 6.247 

DR 53 2.033 0.130 7.636 0.548 106.419 

DR 51 -1.355 0.181 0.258 0.035 1.876 

Constant -3.527 0.445 0.029 
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(47 male and 41 female) with an average age 
of 30.07 ± 12.77 (minimum age was 10 and 
maximum 60). PV patients had no history of 
smoking or drug use, nor of viral infection in 
the last 3 months, so that this group could be 
used for further research purposes (ie. chro- 
matid exchange studies etc.). 

The logistic regression model was used 
to analyse PV with DRB alleles, and gives a 
probability estimation of 35-36% for PV oc- 
currence and 84.3% for controls, with an 
overall probability estimation of 64.9%. 

Positive association of HLA-DRB 1*03 
with PV was observed (Tab It 1) (n: 12, p: 
0.01 3, 95%, CI: 1,454-23.93 7) with a relative 
risk of 2.27 (Table 2). HLA-DRB 1*07 associ- 
ation was also observed (n: 14, p: 0.004, 95% 
CI: 0.000-0.223) with a relative risk of 1.99 
(Tables 1 and 2). 

Two other HLA-DRB I alleles have been 
found to be significantly related with HLA- 
DRB1 alleles (Table 1). These are DRB1M3 
(n: 15, p: 0.030, 95% CI: 0.O44-0.S50) and 
DRB 1*14 (n: 9, P: 0.061, 95% CI: 0.012- 
0.498.). The relative risk values for the alleles 
of HLA-DRB 1* 13 and -DRBl* 14 are 1.10 
and 1.60 respectively (Table 2). 

Discussion 

PV is a common HLA-associated skin 
disease. In the early 1990s suspicions were 
voiced regarding the presence of a disease 
gene in the HLA region, on the basis of HLA 
association studies. The precise genetic basis 
of HLA association in psoriasis has remained 
elusive, as it has for other autoimmune dis- 



eases [11]. This was due to the fact that little 
or no evidence was found for linkage to the 
HLA region. Recent use of genome scans has 
afforded stronger evidence of linkage to the 
HLA region [1 5]. Since HLA associations are 
well defined for PVand linkage disequlibrium 
is the most common explanation for allelic as- 
sociation, studies have emerged which reveal 
susceptibility genes for psoriasis [16]. Candi- 
date psoriasis susceptibility genes have been 
identified in the HLA region as well as on 
other genes such as lp, 2p, 3p, 4q, 8q, 16q, 
17q, 19p, 2 Op. Genome scan studies have pro- 
vided evidence of linkage to HLA over a 
rather broad range and not as robust as one 
might expect, given the strong HLA associa- 
tions characteristic of PV 

Several HLA phenotypes, correspon- 
ding to alleles at the HLA-A, -B, -C, -DRB, 
-DQA1 and -DQB 1 loci have been associated 
with PV [17]. HLA class II associations have 
been found in Russian PV patients where 
DR4 and DR7 antigens were significant [6]. 

Two susceptible haplotypes were demon- 
strated as follows in a Thai population [18]. 1) 
HLA-A2, -B13, -Cw6, -DR7, -DQAl* 0201 
and 2) HLA-A2 , -B17, -Cw6, -DR7, -DQAl * 
0201. HLA-DQBl* 0303 was observed in 
Japanese psoriatics [19]. 

PV with early onset and family history is 
associated with HLA-DRB 1* 0701/2, 
-DQAl* 0201, DQB1 0303. HLA-DRB 1*07 
provides a risk factor for PV when present 
with HLA-B27 antigen, and its absence in- 
creases the risk of presenting PV while with 
HLA-DQ3 [20], and HLA risk haplotype 



Cw 6, DR 7, DQAl* 0201 and HLA-Cw6 has 
been suggested with reference to the clinical 
picture of psoriasis vulgaris [21]. 

The risk we have shown for HLA- 
DRBP07 is relatively high (1.99), and statis- 
tical significance observed with PV is in 
agreement with most recent reports. 

It is of interest to note that HLA typing 
using DNA-based techniques gives more pre- 
cise results [22,23] than serological methods; 
the discrepancy was as high as 37% [24]. We 
have found increased frequency of HLA- 
DRB1* 14 (n: p <0.005, CI: 0.02-0.498). The 
association of HLA DRB 1*14 is in agreement 
with a recent report in a Turkish population 
where only serological methods are used [25]. 
In this study, in addition to HLA DRB 1*14 
antigen two other antigen associations with 
PV were shown for the first time in a Turkish 
population. 

The relation of HLA DRB 1*1 4, 
-DRB 1*1 3 and -DRB 1*03 to progression of 
PV disease and susceptible haplotypes in 
Turkish psoriatics has yet to be defined. 
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HLA-DR Patients 



Controls % 



Probabilty Relative Confidence Interval 



HLA-DRB1* allele distribution in controls and 
psoriasis vulgaris patients. 





n 




N 




(P) 


risk 


lower 


upper 


DRB 1*01 


4 


6.8 


6 


6.7 


0.993 


1.00 


0.271 


3.730 


DRB1M5 


15 


25.4 


19 


21.3 


0.564 


1.44 


0.656 


3.179 


DRBT16 


6 


10.2 


12 


13.5 


0.546 


0.89 


0.307 


2.608 


DRB 1*03 


12 


20.3 


10 


11.2 


0.127 


2.27 


0.890 


5.789 


DRB 1* 04 


8 


13.6 


23 


25.8 


0.072 


0.47 


0.197 


1.160 


DRBIM 1 


25 


42.4 


50 


56.2 


0.100 


0.75 


0.388 


1.459 


DRB 1*1 3 


15 


25.4 


21 


23.6 


0.800 


1.10 


0.514 


2.369 


DRB1M4 


9 


15.3 


9 


10.1 


0.349 


1 .60 


0.595 


4.303 


DRB 1*07 


14 


23.7 


5 


5.6 


0.001 


1 .99 


0.850 


4.69 1 


DRB 1*08 


4 


6.8 


3 


3.4 


0.345 


1.54 


0.371 


6.437 


DRB 1*09 


0 




1 


0.7 


0.312 


1.01 


0.989 


1.034 


DRB 1*10 


4 


6.8 


4 


4.5 


0.551 


2.08 


0.449 


9.674 


DR 52 


42 


71.2 


68 


76.4 


0.477 


0.73 


0.342 


1.542 


DR 53 


22 


37.3 


35 


39.3 


0.803 


0.90 


0.457 


1.775 


DR51 


21 


35.6 


26 


29.2 


0.414 


1.318 


0.653 


2.661 
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Common human leukocyte antigen alleles in pemphigus vulgari* 
and pemphigus foliaceus Italian patients. 

Lombardi ML, Mercuro O, Ruocco V, Lo Schiavo A, Lombari V, 
Guerrera V, Pirozzi G, Manzo C. 

Department of Oncology C-Immunology, National Cancer Institute, Naples, 
Italy. 

Pemphigus refers to a group of autoimmune blistering skin diseases, mainly 
identified as pemphigus vulgaris and pemphigus foliaceus, both characterize< 
by the presence of autoantibodies against keratinocyte adhesion molecules, 
leading to loss of cell-cell adhesion with consequent blister formation. 
Pemphigus vulgaris is reported to be associated with human leukocyte antige 
DR4 and/or DR6 whereas no data are available on pemphigus foliaceus, 
except for the endemic Brazilian form (fogo selvagem), which is reported to 
be associated with DR1 and DR4. We here report human leukocyte antigen 
molecular typing on a total of 87 patients, 61 with pemphigus vulgaris and 2( 
with pemphigus foliaceus, versus 128 healthy matched controls. Generic 
typing showed an increase of DRB1*04 and DRB 1*14 and a decrease of 
DRB 1*07 in both pemphigus vulgaris and pemphigus foliaceus patients. 
Molecular subtyping of DR4+ and DR14+ subjects showed a highly 
significant association between the DRB 1*1401 and both pemphigus vulgari 
(p < 0.0001) and pemphigus foliaceus patients (p < 0.0001) together with a 
significant increase of the linked DQB 1*0503 (pemphigus vulgaris p < 
0.0001; pemphigus foliaceus p < 0.0001). Moreover, whereas the association 
between DRB 1*0402 and pemphigus vulgaris (p < 0.0001) has been 
confirmed, no significant association between a specific allele of the DR4 
group and pemphigus foliaceus, has been found. Therefore, at least in Italian 
patients, pemphigus vulgaris and pemphigus foliaceus share DRB 1*1401 anc 
DQB 1*0503, as susceptible human leukocyte antigen alleles, whereas 
DRB 1*0402 is only found associated with pemphigus vulgaris. The 
observation that both diseases, pemphigus vulgaris and pemphigus foliaceus, 
carry the same susceptible human leukocyte antigen alleles has been 
interpreted as a common genetic background predisposing to pemphigus as, 
like in other autoimmune disorders, it is not sufficient to explain the onset of 
the disease on the basis of the sole aforementioned alleles. Other linked gene 
and/or environmental factors should play a facilitating role in the outbreak of 
pemphigus, either pemphigus vulgaris or pemphigus foliaceus. 
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Related Articles, Linl 



Hydralazine-induced systemic lupus erythematosus: influence ol 
HLA-DR and sex on susceptibility, 

Batchelor JR, Welsh KI, Tinoco RM, Dollery CT, Hughes GR, Bernsteir 
R, Ryan P, Naish PF, Aber GM, Bing RF, Russell GI. 

26 patients with systemic lupus erythematosus (SLE) induced by treatment 
with the antihypertensive drug hydralazine were investigated to determine if 
predisposition to the toxic effect was associated with an HLA-DR antigen. 2i 
of the 26 patients were slow acetylators. The group was compared with three 
others (1) 113 healthy subjects, untested for acetylator phenotype, (2) 16 
slow-acetylator hypertensive patients treated with hydralazine for more than 
year without developing SLE, and (3) 20 patients with idiopathic SLE. The 
frequency of HLA-DR4 (73%) was significantly higher in the group with 
hydralazine-induced SLE than in the other groups (respectively 33%, 25%, 
and 25%). The ratio of women to men affected was 4:1. If the slow 
acetylators treated with hydralazine were analysed as one group, it was 
observed that all women with DR4 developed hydralazine-induced SLE; the 
only men to do so were those with DR2 who were receiving 200 mg 
hydralazine per day. These observations have led us to suggest guide lines fo 
hydralazine therapy and point to a striking association between an HLA-DR 
antigen and an adverse reaction to a therapeutic agent. It was also noted that 
the distribution of DR antigens in the hydralazine-SLE patients was 
significantly different from that in the group with idiopathic SLE. This 
supports the view that the syndromes are separate entities. 

PMID: 6103441 [PubMed - indexed for MEDLINE] 
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Immunomodulation of EAE by T suppressor lines and hybridomas 17 

T suppressor hybridomas and 
interleukin-2-dependent lines induced by 
copolymer 1 or by spinal cord homogenate 
down-regulate experimental allergic 
encephalomyelitis* 



Suppressor T (Ts) hybridomas and interleukin-2-dependent T cell lines were 
established from spleens of mice, which had been rendered unresponsive to 
experimental allergic encephalomyelitis (EAE) either by mouse spina.! ,cord 
homogenate or by the synthetic suppressant copolymer 1 (Cop 1). The Ts 
hybridoma supematants and the Ts line cells specifically suppressed the in viiro 
response to the encephalitogenic myelin basic protein (BP), as indicated by 
inhibition of both the proliferation and interleukin-2-secretion responses of a 
BP-specific T ceil line. Moreover, these Ts cells prevented the development of 
actively induced EAE in vivo. AH hybridomas and lines were most effective when 
injected at the time of disease induction, thus suggesting that they operate as 
effector suppressor cells, and functionally inhibit encephalitogenic responses. 
The data presented here suggest that the suppressor cells are stimulated by the 
protective epitopes included in the BP as well as in the Cop 1 molecules and that 
they play an active role in the regulation of EAE. The generation of Ts lines and 
hybridomas. which have been induced by Cop 1. establish the specific stimulation- 
of suppressor cells to EAE as a mechanism underlying the therapeutic activity of 
Cop 1. 



1 Introduction 

Experimental allergic encephalomyelitis (EAE), an 
autoimmune neurological disease, serves as an animal 
model for human demyeiinating diseases/especially multi- 
ple sclerosis (MS). The primary immunological mechanism 
involved are cellular immune responses: encephalitogenic 
T lymphocytes, specific to myelin basic protein (BP), 
mediate the pathogenic process [1-3], while suppressor T 
(Ts) cells play a substantial role in the down-regulation of 
the disease [4-6]. The use of BP effector clones and lines has 
provided insight into the cellular mechanisms involved in 
the pathogenic processes (2, 3]. However, the mechanisms 
involved in EAE suppression have not been fully eluci- 
dated. 

Su pp ressor celh were_de_m an active : role in 

the_regulation of several autoimmune diseases [7]. In the 
EAE system various conditions of unresponsiveness, such 
as natural resistance in certain strains of mice [4] t sponta- 
neous recovery from the disease [5, 6], and induction of 
tolerance by oral antigen administration [8], have been 
attributed to the presence of suppressor cells. Suppressor 
cell activity was also demonstrated in rats and mice 

[I 10557] 
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rendered unresponsive to EAE by pre-treatment with BP 
or by the whole spinal cord homogenate (9-11). Active 
regulation by suppressor cells has been claimed to operate 
in human autoimmune diseases as well [7]. The sponta- 
neous remissions and exacerbations often seen in various 
autoimmune diseases, and particularly in MS. have been 
explained by changes in the relevant suppressor cell 
population [ L2-14). The "accurnuiated information on sup- 
pressor ceil involvement in the regulation of EAE and MS. 
suggests that EAE and other autoimmune diseases may be 
countered by restoring the balance between the autoagres- 
sive and the suppressor cells. Generation and characteriza- 
tion of Ts T cell lines as well as immortalization of 
suppressor cells by somatic cell hybridization would, there- 
fore, be of paramount importance for further investiga- 
tions. 

Copolymer I (Cop 1) is a synthetic basic random copoly- 
mer of L-alanine, L-glutamic acid, L-lysine, and L-tyrosine, 
in a residue molar ratio of 6.0: 1.9: 4.7 : 1.0, which exhibits a 
marked cross-reactivity with the natural autoantigen (BP) 
and is highly effective in suppressing EAE [15, 16]. The 
cross-reactivity between Cop i and BP was established 
both on the humoral level [17] and on T cell-mediated 
immunity [18]. Cop I does not exhibit any encephalitogenic 
activity; however, it exerts a marked suppressive and 
protective effect on EAE in several species, including 
primates [11. 15, 16, 19, 20], as well as on chronic relapsing 
EAE [21]. Cop 1 was also shown to be effective in reducing 
the number of relapses in early exacerbating remitting MS 
[22]. Two different mechanisms by which Cop 1 exerts its 
suppressive activity on EAE have been identified. One 
involves the inhibition of the effector T cell response that 
mediates the disease, whereas the other is the stimulation of 
suppressor T ceils that down-regulate the disease. The 
former mechanism was discovered following the specific 
in vitro inhibition of the response to BP observed in various 

00 \ -u 2980/93/0 1 0 1 -OQ 1 75 3 .50 -r . 25/0 
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TcelPlines, .of either murine or human origin which 
represent different Tcell receptor specificities. It was 
concluded that Cop 1 inhibits the binding of the encephal- 
itoeenic fragment to the MHC [23,24]. The alternate 
mechanism underlying the therapeutic activity of Cop 1, 
namely, the stimulation of suppressor cells, was demon- 
strated by using the whole spleen cell population from mice 
rendered unresponsive to EAE by Cop 1. It was shown that 
T cells are involved in this unresponsiveness which could be 
adoptively transferred to normal recipients and abrogated 
by pretreatment with cyclophosphamide [11]. These Ts cells 
were also shown to regulate the cellular immune response 
co BP in a specific manner [25]. Moreover, a soluble 
suppressor factor was extracted from these cells which had 
the same biological activities as the suppressor cells it 
originated from, and was capable of interfering with the 
induction of EAE [26, 27]. 

In the present study we demonstrated that Ts cell lines and 
hvbridomas could be generated from mice that had been 
desensitized by either spinal cord homogenate or Cop I. 
thus further establishing Cop 1 as a stimulant of suppressor 
cells specific to EAE. a'nd contributing to the understand- 
ing of the mechanism of its therapeutic effect on both EAE 
and MS. The goal of this study was to generate and 
characterize murine Ts hvbridomas and IL-2-dependent 
Tcell lines, capable of interfering with the various mani- 
festations of EAE in vitro as well as in vivo. 



2 Materials and methods 
2.1 Antigens 

Mouse spinal cord homogenate (MSCH) was prepared by 
homogenizing four parts of mouse spinal cord and one pan 
of saline (w/v). The homogenate was strained through a 
sieve and lyophilized. Basic protein (BP) was isolated from 
spinal cords of rat (RBP) or mouse (MBP), as previously 
described [28]. Copolymer 1 (Cop 1) was obtained from 
either Bio-Yeda (Rehovot, Israel) or Teva (Petach-Tikva, 
Israel). Purified protein derivative of tuberculin (PPD) was 
obtained from Statens Serum Institute (Copenhagen, 
Denmark). Lysozyme from egg-white was obtained from 
Sigma Chemical Company (St. Louis, MO). 



2.2 Mice 

The inbred mouse strain SJL/J was purchased from Jackson 
Laboratories (Bar Harbor, ME). The inbred mouse strains 
BALB/K and the F x hybrid SJL/J x BALB/K were 
obtained from Harlan-Oiac (Bicester, GB). Mice were 
housed in the department of Laboratory Animals at the 
Weizmann Institute. Female mice, 7-12 weeks old were 
used for ail experiments. 



2.3 EAE 

23,1 Induction of disease 

EAE was induced by injection of 5 mg of lyophilized 
MSCH, solubilized in PBS, and emulsified in a 1 : 1 ratio in 
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complete Freund's adjuvant, (CFA, Difco), supplemente 
with 4 mg/ml of Mycobacterium tuberculosis H37R; 
Difco). The emulsion in total volume of 0.12 mi w; 
injected into all four footpads. Immediately after, and 4S 
later, Bordetella pertussis toxin, a gift from Pasteur Institui 
(Paris, France), was injected intravenously. 



2.3.2 Assessment of EAE 

Mice were examined daily from day 10 posx-induction ft 
signs of EAE and assessed for clinical severity (clinic: 
score) from 1 to 5 as follows: 1: flaccid tail. 2: hind iimr 
paralyzed, 3: hind and fore limbs paralyzed, 4: tot; 
paralysis, 5: moribund. 



2.3.3 Inhibition of EAE 

EAE was induced as described. The preventing treatmen 
i.e. suppressor cells from IL-2-dependent lines or hybrids 
mas were injected i.v. together, before and after disea> 
induction. 



2.4 Suppressor cell induction 

Mice were rendered unresponsive to EAE by subcutaneoi 
injection in three to five spots, of either MSCH or Cop . 
emulsified in incomplete Freund's adjuvant (EFA), ;i 
previously described [11]. After 15 to 35 days spleen cell 
were used for establishment of Ts cell lines and Ts hybrk 
omas. 



2.5 IL-2-dependent T cell lines 
2.5.1 Effector T cell lines 

Effector Tcell lines were derived from draining lympi 
nodes and spleens of mice immunized with RBP in enriche; 
CFA, 9-11 days earlier, and selected in vitro using eithe 
RBP or PPD as described by Ben-Nun and Lando [29]. Th*. 
cells were propagated with culture medium supplements 
with 10 % T ceil growth factor (TCGF). Cells were stimu 
lated by exposure to the desired antigen, presented oi 
syngeneic irradiated (3000 rad) spleen cells (50 x lOA'plate 
for 96 h, every 14-18 days. 



2^5.2 Suppressor T cell lines 

Spleen cells from mice rendered unresponsive to EAE b\ 
Cop 1 in DFA 15-30 days earlier, were cultured with Cop : 
(0.5 mg/plate) following a protocol similar to the oni 
described for effector cells. 



2.6 Hybridoma cells 

Spleen cells from mice rendered unresponsive to EAfc 
either by MSCH or Cop 1 were used to establish T> 
hybridomas.The cells were first depleted of Ig* B cells b> 
absorption on goat anti-mouse Fab antibodies (Bio-Yeda. 
Rehovot, Israel) and then fused in a ratio of 2:1 with th<. 
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T cell line BW 5147 (BW) originated from thymic lympho- 
sarcoma of AKR mice, using 41 % polyethylene glycol 
(Serva, 1550). After fusion cells were resuspended in 
selective HAT medium containing hypoxanthine 100 mM, 
aminopterine 10 mM, and thymidine 30 mM (Sigma) in 
culture medium supplemented with 20% FCS. The fused 
cell mixture was plated in 96-well microculture plates 
(Falcon), 4 x \0*-5 x 10 4 myeloma cells/well with an addi- 
tional feeder layer of normal spleen cells (1 x lOVwell). 
The cultures were fed every 5 to 7 days. About 1 month 
after fusion the HAT components were gradually elimi- 
nated from the medium and eventually hybridoma cells 
were propagated in culture medium with 10% FCS. The 
hybridoma lines were screened for activity and positive 
lines were grown on a larger scale. 



2.7 In vitro assay of T cell reactivity 

2.7.1 Proliferation assay of T cell lines and clones 

Cells of the T lines or clones were tested for their specific 
proliferative responses 10-16 days after antieenic stimula- 
tion. T cells (1 x 10 4 -2.5 x 16 4 ) were cultured with 
5 x 10 3 irradiated (3000 rad) syngeneic spleen cells and 
various antigen concentrations in a final volume of 0.2 ml in 
10% FCS culture medium. At the end of 24-48 h of 
incubation, cultures were pulsed with 1 uCi of PH] thymid- 
ine (Nuclear Research Center. Negev, Israel). Sixteen 
hours later, ceils were harvested on filter paper and their 
radioactivity was counted in a beta counter. Results are 
expressed as mean cpm thymidine incorporation for tripli- 
cate cultures. » 



2.7.2 Assay of IL-2 secretion by T cell lines and clones 

The presence of IL-2 in the supernatants of the lines and 
clones was determined by their ability to support the 
growth of the IL-2-dependent CTLD cells line [30]. T cells 
(2.5 x 10 4 ) were incubated with antigen and irradiated cells 
under the same conditions as for the proliferation assay. 
Twenty-four hours later 50 ui of culture supernatants to be 
assayed were collected and cultured with CTLD cells 
(1 x 10^/well) at a 1:1 dilution to a final volumcof 0.1 ml. 
After a 24-h incubation period, 1 \id of [ 3 H] thymidine was 
added for 5 h and cultures were further processed as 
described above. 



2.7 J Inhibition assay of T ceil response 

The T cell lines were inhibited by either hybridoma super- 
natants, or by irradiated T cells from the* IL-2 -dependent 
lines. The inhibitors were added to the assay system 
together with the stimulating antigen. Inhibition was 
calculated as: 

% inhibition = (1-cpm in the presence of inhibitor/cpm in 
the absence of inhibitor) x 100 



2.3 Membrane phenotype of T cell lines 

Indirect immunofluorescence was performed by incubating 
1 x 10 6 viable cells with 100 uJ of rat anti-mouse CD4 mAb 



£L3T4 GK15) or anti-mouse CD 8 mAb (LyT2 53672) for 
30 min. After washing twice in PBS containing 1 % BSA 
and 0.1 % sodium azide, FITC-conjugated goat anti-mouse 
was added for 30 min at 4 °CThe cells were then extensively 
washed and analyzed by the fluorescence-activated cefl 
sorter (FACSII, Becton-Dickinson. California, USA). In 
each sample 10 4 cells were counted. 



2.9 Data validation 

All the results presented in this study have be e'n -verified by 
repeating the experiments at least three times. All the 
in vitro experiments were performed in triplicates. Typical 
standard deviations were under 10%, and in no" case 
exceeded 20 %. A two-sample r-test was used to verify the 
significance of differences between the control and each 
triplicate average result. 

In vivo experiments were performed in groups of 5 to 
12 mice. The actual number of animals tested in a specific 
experiment is stated in each case. The results for repeated, 
identical experiments are grouped together and the total 
number of animals stated. A standard normal test for 
comparing two binomial proportions was used to verify the 
significance of difference between treated and control 
mice. 



3 Results 

3.1 Ts hybridomas 

Spleens of mice rendered unresponsive to EAE, either by 
MSCHorby Cop 1 in IFA, were used as a source enriched in 
suppressor cells. Six fusion experiments were performed in 
which suppressor cell-enriched spleen cells were taken from 
various strains of mice i.e., SJL/J, BALB/K and 
(SJL/J x BALB/K^ and fused with the BW5147 (BW) ? 
AKR (H-2*), lymphosarcoma T cell line. More than 2000 
hybridoma lines were obtained and screened in an attempt 
to identify Ts hybridomas. 



3.1.1 In vitro screening of Ts hybridomas 

Preliminary in vitro screening for suppressor hybridomas 
was performed by testing the ability of the hybridoma 
supernatants to block the specific response of T effector 
lines to BP, in comparison to their effect on control lines 
specific to PPD. The results obtained with representative 
hybridomas are summarized in Table 1. Most of the hybri- 
domas represented here by SJL/J-1-9, BALB/K-90 and 
(SJL/Jx BALB/K)F r lB7, had no significant effect on the 
response of either T cell line. Others, such as SJL/J-1-20 
and BALB/K-42, were nonspecific since they inhibited BP 
as well as the PPD lines. Fifty hvbridomas, represented in 
Table 1 by SJL/J: 1-17, 3-9, 2-15', BALB/K: 1-10, 2-8, 14, 
74, and (SJL/J xBALB/K)F!: 7-6, 719, 4E7, 4-11, exerted a 
restricted inhibitory effect on the BP-specific lines while 
having minor or no effect on the PPD lines. This inhibitory 
effect was manifested by inhibition of both the antigen- 
induced proliferation and the IL-2 secretion of the effector 
T cell lines. 
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Additional in vitro analysis of the Ts hybridomas was 
performed by resting the direct effect of the specific 
antigens that had been used for suppression induction (BP 
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and Cop 1) on these hybridomas (Table 2). The prolifera- 
tion of most of the hybridomas represented here bv 
(SJL/J X BALB/K)F r lB7 was not significantly blocked. 



Table 1. Inhibition of T cell lines responses by T cell hybrydomas supematants jl 

Hvbridoma no. Immunizins antigen [ ? H] Thymidine incorporation, cpm (inhibition %)" 

. BP Line ■ PPD Line. 







* Proliferation 


IL-2 secretion. 


Proliferation • 


EC-2 secretion 


BW 




34265 - (0%) 


■ ND 


14 461" (0%) 




SJL/J 












1-17. 


Cop 1 


23 686 (31%)" 


ND 


.14 501 ".(0%) . 


ND 


3-9 


Cop 1 


22274 (35%)* 


NT) 


13 998 (3%) 


ND 


2-15 


MSCH 


18 641 (46%)- 


ND 


1304S(10%) ' 


ND 


1-20 


Cop r 


IS 847 (45%)* 


ND 


3578 (41%)- 


ND 


1-9 


MSCH 


27757 * (19%) 


. ND 


13 357 (S%) 


ND 


BW 




.50633 (0%) 


5.620 (0%)' 


101199 (0%) 


ND 


BALB/K 












1-10 


Cop 1 


1S9(100%)- 


41 (100%)- 


95 223 (6%) 


ND 


2-3 


MSCH 


163 fl00%)- 


57 (100%)- 


104 359 (0%). 


-ND 


14 


MSCH 


'557 (99%)' 


39 (100 %)- 


102003 (0%) 


ND 


74 


MSCH 


IS733 (63%)* 


3 832 (32%)" 


102100 (0%) 


ND 


42 


MSCH 


141 (100%)- 


76 (99%)- 


27205 (73%)* 


ND 


90 


MSCH 


49 265 (3%). 


5 005 (10%) 


.. 101 0S7 (0%) . 


•ND 


BW 




11S04 (0%) 


15 377 (0%) 


7 577 (0%) 


10002 (0 %) 


(SJL/J x BALB/IOF, 










7-6 


Cop i 


3S79 (67%^ 


6437 (53%)" 


6993 (3%) 


10260 (0%) 


719 


Cop 1 


3 273 (72%)* 


5 490 (64%)- 


7 133 (6%) 


14 756 (0%) 


4E7 


Coo I 


5534 (50%)- 


7 897 (49%)- 


6905 (9%) 


12 5S2 (0%) 


4- a 


MSCH 


' 5 929 (50%)' 


9196 (40%)- 


6332 (9%) 


12 976 (0%) 


1B7 


Cop 1 


12 642 (0%) 


. 161S2 (0%) 


7863 (0%) 


10923 (0%) 



a"i T cells 1 2.5 x u^) were incubaieU wiih 5 x 10 5 in-adiuted spleen cells and 50 ul of hybridoma culture supernatant. After 24 h. cultures 
were pulsed with thymidine. The result are presented in cpm and as percent inhibition (in parentheses) of the maximal proliferation 
response obtained in cultures inhibited with supernatant of the BW control ceils. Background proliferation without antigen was 
S50 cpm for the BP and 537 cpm for the PPD lines. 

" Significant inhibition obtained by hybndoma supernatant in comparison to the inhibition obtained by the BWcontrol as indicated by a 
two-sample /-test. 

Table 2. Inhibition of the growth of T hybridomas by antigen-" 



Hybrid, no. Immunizing antigen pHJThymidine incorporation, cpm (inhibition. %) 









• MBP 


Copl-- 


PPD 


BW 




116731. 


123 023 : (0%) . 


115851* (1%) 


•1014S7l;i3%j 


BALB/K 
T-10 

2-8. 

14 

74.: 

42 ■ 


■ Cop L. 
MSCH , 
MSCH. 
MSCH 
MSCH- 


108 S42* 
332773 
■ 115128 
' 94957- ' . 
113 381. 


48246(56%)" • 
212437 (36%)- 
60793 (47%)- 
57.856 (39%)- 
...7X664(37%)* 


- 38703 (64%)- 
L56511 (53%)-. 
63136 (45%)? 
59625 (37%)* 
80 399 (-29 % )• 


•98706^(9%) 
'296 30I1(U%') 

llL095.i(3%) 
863672(9%) 
7J78Qj25;%) 


(SJL/J :x BAXB/K)FT . 

7-6- 

719- 

4E7- 

41 1A 

lB7-> 


Cop 1 
■ Cop 1. 
.Cop-1 
MSCH 
'CopJl. 


111039". 
. 65 045 
161056 
,35 663. 
.202113 


^42917 (61%)- 
- 29.106(55%)*- 

-.83 335.(48%)-: 
16983*(52%)- 
."224 7'92' "(0%) 


30757(72%)* 
.27133 (58.%*)* 
72814:(55%)-- 

, v 17,933 (50%):. 

2i9866 -(0%*)- 


85389(23:%)= 
.162.486^(4.%). 

149 896^07:%-) 
^31;*685lC13:%) 



a) T hvbridoma cells (2.5 x IG^) were incubated with irradiated spleen cells and 25 iig antigen/well. After 24 h. direct proliferation was 
measured by following incorporation of [ 3 H] thymidine. The results are presented in cpm and as percent inhibition (in parenthesis) of 
hvbridoma cell proliferation caused by the antigen in comparison to (he proliferation of the same cells without antigen. 

• Significant inhibition of hvbridoma cell proliferation caused by the antigen in comparison to the. proliferation of the same ceils without 
antigen as indicated by a two-sample /-test. 
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Other hybridomas such as BALB/K-42 were inhibited 
nonspecifically by all the antigens tested including PPD. 
However. 13 hybridomas were specifically inhibited bv BP 
and Cop 1 but not bv PPD, e.g. BALB/K:* MO. 2-8, 14, 74. 
and (SJL/JX BALB/K)F i: 7-6. 719. 4E7-, -4-n. These 
hybridomas were blocked by both BP and Cop 1. indicating 
that they recognized common determinants present on the 
two antigens. This specific growth arrest was found in all the 
BALB/K and (SJL/J X BALB/K)Fi hybridomas that also 
showed the in vitro suppressive activity (Table 1), except 
for two hybridomas that were onlv weak inhibitors of BP 



effector lines. Thus, a high correlation was demonstrated 
between these two phenomena. 



3.1.2 In vivo activity of Ts hybridomas 

The hybridomas that showed specific suppressive effect 
in vitro were tested for their ability to inhibit EAE in vivo 
(Table 3). Hybridoma cells. 5 x lb 6 , and factors originat- 
ing from 20 x I0 h sonicated cells, were injected together 
(immediate effect), or a week before (delayed, effect J the 



Table 3. Inhibition of EAE by T cell hybrvdomas- ,) 



• Hybridoma do. 



Immediate 

■ Hybridoma Incidence of Clinical score 

. specificity disease 



Delayed 

Incidence of OinicaJ score 

disease 



SJL/J 




Control 




BW 




1-17 


Cop 1 


3-9 


Cop 1 


2-15 


MSCH 


1-9 


MSCH 


BALB/K 




Control . 




BW 




1-10- 


•Cop 1 




MSCH 


14 


MSCH 


74 


MSCH 


(SJL/J.x BALB/K)F X 




Control 




BW 




7-6 


Cop 1 


719 


Cop 1 


4E7 


Cop 1 


4.11 


MSCH 


1B7 


Cop 1 



32/42* 
26734 

3/7 

2/5 
*2/5 

7/7 

9/12 
6/10 
2/10 
2/11 
0/11 
0/11 

8/16 
5/14 
0/11 
0/15 
6/13 . 
1/16 
3/5 



(76%) 
(76%) 
(43%)« 

(40%r 

(40 %)" 

(100%) 

(75%) 
(60%) 
(20%)- 
(13%)- 
(0%)- 
(0%)- 

(50%) 
(36%) 
(0%)- 
(0%)- 
(0%)- 
1(6%)-. 
(60%) 



2.0 

n i 

O.'S 
0.4 

0.4 
3.4 

1.3 
1.2 
0.4 
0.4 
0.0 
0.0 

1.6 
0.9 
0.0 
0.0 
0.0 
0.1 
2.2 



32/42 (76%) 
13/24 (75%) 
4/4 (100%) 
4/4 (100%) 
2/4 (50%) 
6/6 (100%) 

9/12 (75%) 
7/10 (70%) 

ND 

ND 
3/6 (50%) 
3/4' (75%) 

. ND 

ND 

ND 
. ND . 

ND 

ND 

ND 



2.0 
2.0 
3.5 
3.2 
1.6 
4J 

l.S 

1.4 



1.0 
1.2 



a) Hybridomas were tested in (SJL/J x BALB/K)F, mice. Controls and B W-ircated controls comprise the combined results of several 
experiments, as variability was less than 20%. 

Significant inhibition of disease incidence by hybridomas in comparison to mice treated with the BW control cells as indicated bv a 
standard normal test. 



Table 4. Specificity of Ts cell line 



Antigen in culture 



Cbpa. 
RBP.' 
MBP ( . 
X-ysozytneu. 
Con 



F,-Ts-30D + APC from 
F r SJL/J 
(H-2--*) . (H-2») . 



. i540 -5295. 

114 782 -96 708 

815- 15170 

2 633 35 999 

;..;530- -3338 

.181 414. . 124 685 



pH] Thymidine incorporation (com) 



BALB/K 




F r Ts-Lys + APC from 






"SJL/J 


' BALB/K 


CH-25) 


(H-2M) 


(H-2-) 


(H-2*) 


>411 


798- 


";207 


- iS2X\ 


113 318 


1564. 


262 


,'269: 


- 324 


415 


240 


-294 


, 4.140 


398 


244- 


"357. 


..'451 


• 8205I- 


•1392. 


1088* 


131826 


243 847 


..-145443- 


185164. 



3) IS"l <2 ^ 10>) 1 ? Cre incuba,ed with 5 * 105 in^diated spleen cells and 10 ue/well of antigen. After 24 h cultures were pulsed with 
[ } H] thymidine and harvested 16 h later. 
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induction of EA£. A few hybridomas of SJL/J origin had 
some effect on the development of the disease, (SJL/J: 
1-17, 3-9 and 2-15). Mice injected with these hybridomas 
still showed at least 40 % incidence of disease in comparison 
to 76 % in control mice or those injected with the BWcells, 
namely, less than 50 % inhibition of disease. Hybridomas of 
BALB/K origin, a naturally EAE-resistant strain, caused a 
much more significant inhibition. Two of the four presented 
in theTable, i.e. BALB/K: 14 and 74, completely prevented 
the disease (no animals sick out of 11 mice injected). From 
the (SJL/J x BALB/K)F! fusion, nine hybridomas, repre- 
sented here by (SJL/J x BALB/K^: 7-6, 719, 4E7 and 
4-11 also exerted significant EAE inhibitory activity. All 
the hybridomas were effective when injected at the time of 
disease induction (immediate effect) and not when injected 
a week before (delayed effect). 



3.2 Ts cell lines 

An additional approach to obtaining suppressor cells for 
EAE was to grow IL-2-dependent Ts cell lines. Such a line 
was developed from spleen cells of (SJL/J X BALB/K)Fi 
mice that had been rendered unresponsive to EAE with 
Cop 1 in EFA23 days earlier, and was denoted FpTs-30D. A 
control line was established from mice injected with 
lysozyme (a control basic antigen), in the same way and 
denoted F[-Ts-Lys. 



3.2.1 Reactivity of Fj-Ts-SOD and F r Ts-Lys lines 

The in vitro reactivity of these two lines was tested in 
lymphoevte transformation assay, usine aniiaen-presenting 
cells (AFC) from SJL/J. BALB/K and Their F x hybrids. The 
results summarized in Table 4 show that Fj-Ts-30D was 
highly reactive with Cop 1, and similar responses were 
obtained with the three sources of APC Although the cells 



originated from mice injected only with Cop 1, they 
cross-reacted with BP (RBP and MBP), and this response 
was restricted to SJL/J APC The FpTs-Lys line responded 
exclusively to lysozyme and the response was clearly linked 
to H-2 k . 

The F r Ts-30D line showed no anti-idiotypic response when 
co-cultured with the syngeneic, encephalitogenic, BP- 
specific line, F r SP-RBR as a target (data not shown). 

Using FACS analysis, the F r Ts-30D, F r Ts-Lys and the 
FrSP-RBP lines, were identified as CD4+ cells, which do 
not express the CD8 marker. - 



3.2.2 Suppressive activity of F r Ts-30D line in virro 

The F t -Ts-30D line was tested for its ability to inhibit 
in vitro the response of the BP-specificT encephalitogenic 
line F r SP-RBP to BP. As can be seen in Fig. 1 the 
FrTs-30D line significantly inhibited the response of the 
F r SP-RBP lines to RBP, as measured by both direct 
proliferation, up to 66% inhibition - (Fig. 1A) and IL-2 
secretion, 50% inhibition (Fig. 1C), while the F r Ts-Lys 
line when similarly tested had no inhibitory effect (Fig. IB 
and ID, respectively). The inhibition was proportional to 
the number of the inhibiting Fi-Ts-30D ceils, and the 
highest inhibition was obtained in a 1:1 ratio of suppressor 
to effector cells. These results indicated that F r Ts-30D line 
suppressed the response to the autoantigen BP in vitro. 



3.2.3 Suppressive activity of F r Ts-30D line in vivo 

The development of EAE was almost completely inhibited 
by 10 7 activated F r Ts-30D ceils (Fig. 2). Only 1 animal 
from a group of 11 mice was sick, in comparison to 60% 
morbidity in the control mice injected only with MSCH 




Figure 1. Suppressive activity of the F r Ts-30D line on the re- 
sponse of the Fi-SP-RBP encephalitogenic line to RBP. Ence- 
phalitogenic Fi-SP-RBP cells (2.5 x 10 4 ) were incubated with 
activated F,-Ts-30D (A.C) or F r Ts-Lys (B, D) cells, irradiated 
(1000 rod) and with RBP. Inhibition of FpSP-RBP line was 
measured by proliferation assay (A.B) and IL-2 secretion 
(CD). The inhibiting cells were cultured in concentration of: no 
inhibiting cells (•), 2.5 x 10* (O), 1 x 10* (□) and 2.5 x 10* 
(&). Antigen concentration used for induction of IL-2 secretion 
(CD) was 0.62 ug/well). 



\ 
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Figure 2. Suppressive activity ofFiTs-30D line in in vivo inhibition 
of EAE. Activated F t -Ts-30D cells (10\ A), or F r Ts-Lys cells 
(10\ A), were injected into (SJL/J x BALB/K)F( mice on the day 
of disease induction. Control mice were injected only with MSCH 
for induction of disease (•). EAE was induced as described in 
Table 3. 



disease -inducing inoculum (85 % inhibition). The protec- 
tioo caused by F r Ts-30D cells was also reflected in 
decreased severity (S3 % suppression), as well as in a delay 
in the onset of the disease (1 day). The suppression 
obtained was proportional to the number of cells injected, 
as 5 x 1G 6 F r Ts-30D cells had only a slight protective effect 
(not shown). No inhibition of EAE was observed in mice 
injected with 10 7 activated F r Ts-Lys cells. This line even 
caused nonspecific stimulation of the disease, indicating 
that the suppression caused by the Cop 1 line £ r Ts-30D was 
specific. 



3.2-4 Kinetics of Fi-Ts-30D suppressive activity 

To study the kinetics of the suppression caused by the 
FpTs-30D line, 6 x 10 6 activated ceils were injected either 
5 days before ( — 5), 5 days after (-i-5), or on the same day of 
disease induction (0). As illustrated in Fig. 3, injection of 
the suppressor cells at day 0. i.e. on the day of EAE 
induction, seemed to be optimal, as cells injected on either 
at days"— 5 or + 5 were incapable of inhibiting EAE, thus 
suggesting that these suppressor ceils are effector suppres- 
sor' cells. 

Two additional Ts ceil lines were established in a similar 
procedure to the F r Ts-30D line and were found to have 
similar suppressive effects on EAE manifestations both 
in vitro and in vivo. These results emphasize that Cop 1 
does indeed induce suppressor cells which mediate protec- 
tion against EAE. 



4 Discussion 
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Figure 3. Kinetics of Fj-Ts-jOD suppressive activity 6 x 10 6 acti- 
vated F r Ts-30D were injected into (SJL/J x BALB/K)F| mice at 
days: -5 (A). 0(C). or +5 to EAE induction in comparison to 
control mice (•). 



mice rendered unresponsive to EAE by the injection of 
either spinal cord homogenate or the EAE suppressant 
copolymer. Cop 1. 

The hybridomas obtained exhibited a specific functional 
in vitro suppressive effect on the response to BP, as was 
measured by testing their supernatant activity on either the 
direct proliferation or the IL-2 secretion of effector T ceil 
lines (Table 1). Interestingly, we have noticed that the 
hybridomas which blocked the specific response to BP were 
by themselves blocked by either BP or Cop 1, but not by 
PPD (Table 2), and a high correlation was demonstrated 
between these two phenomena. Blocking of hybridoma 
growth, as monitored by [ 3 H| thymidine incorporation 
following antigen-specific activation, has been reported by 
others [31, 32j. 

The most meaningful test for suppressor cells in the present 
context is the ability to suppress the disease in vivo, and 
indeed a significant suppressive effect on EAE could be 
demonstrated by several of the hybridomas generated in 
this study. The most potent suppressor hybridomas were 
those originating from either BALB/K or 
(SJL/J x BALB/K)Fi mice, whereas those obtained from 
SJL/J mice were less effective. The BALB/K resistant strain 
had been shown to maintain a natural high level of 
suppressor ceils which prevent the manifestation of disease 
[5], while the SJL/J mice that are susceptible to EAE have 
some malfunction of the suppressor cell arm [33, 34], This 
may account for the differences observed between the 
activity of the suppressor hybridomas originating from 
these strains. 



The goal of the present study was to obtain a homogenous 
population of suppressor cells that will interfere with the 
various manifestations of EAE and restore the self- 
tolerance equilibrium that is hampered in the pathological 
; process. To this end, both Ts ceil hybridomas and IL- 
2-dependent cell lines were established from spleen cells of 



The suppressive activity demonstrated by the hybridomas 
both in vitro and in vivo indicates that these hybridomas 
are indeed suppressor hybridomas that can down-regulate 
EAE. To our knowledge, this is the first report on 
suppressor hybridomas in the EAE system. Such hybrido- 
mas constitute a very useful tool for research and an easy 
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source 10 obtain and purify large quantities of cellular 
factors. However, the disadvantage of using malignant lines 
when considering a therapeutic method, have led us to use a 
more natural approach for obtaining suppressor cells for 
EAE. namely the establishment of an IL-2-dependent 
suppressor line. 

IL-2-dependent suppressor lines, e.g. the F r Ts-30D, were 
aenerated from spleen cells of mice that had been induced 
io be unresponsive to EAE by prior injection of Cop l.This 
Cop 1-specific line suppressed in a dose-dependent manner 
the in vitro response of an encephalitogenic line to RBR as 
demonstrated by inhibition of both the proliferation and 
the IL-2 secretion of the effector cells, while no suppressive 
effect was observed when co-cultured under the same 
conditions with a lysozyme-specific control line (FpTs-Lys) 
(Fig. 1). Furthermore, the F r Ts-30D cells were very effec- 
tive in vivo as, well, and prevented almost completely the 
development of EAE. as reflected in both the incidence 
and the clinical score of the disease (Fig. 2). As demon- 
strated for the in vitro reactivity of the F;-Ts-30D line, the 
in vivo effect was also dose dependent and specific, since no 
inhibition was observed in mice treated with the lysozyme 
control line. The lysozyme line even caused a nonspecific 
stimulation of the disease. This enhancement of EAE by 
co-injection with activated non-relevant cells or by relevant 
cells before or after EAE induction, could be attributed to 
nonspecific penetration of the CNS [35] and possible 
induction of IFN-y or other cytokines that might have 
stimulated MHC expression [36]. Since F r Ts-30D-injected 
cells had also been activated, the appropriate control for 
their functional activity should be treatment with activated 
F|-Ts-Lys cells. Such a comparison emphasized even more 
the suppressive effect demonstrated by the Cop l-specitlc 
line. 

The F r Ts-30D line expressed the CD4 marker. AJthough 
traditionally suppressor ceils were considered to express the 
CDS phenotype, CD4 suppressor T ceils are not without 
precedent [37] and CD4"** Ts cells and lines were also 
demonstrated in the EAE system [38. 39]. 

The EAE suppression exened by both the hybridomas and 
the IL-2-dependent line was most effective when the 
Ts cells were injected at the time of disease induction 
indicating that these are effector suppressor cells that 
directly suppress the pathogenic cells without involving 
induction of an additional subset of suppressor cells, such as 
anii-idiotypic cells [40] and that suppressor T cells play an 
active role in the regulation of EAE. 

Cop 1 was as efficient as BP in inducing suppressor T 
hybridomas, as reflected in both the number of "positive'* 
suppressor hybridomas, and the extent of the suppression 
induced by these hybridomas, in vitro as well as in vivo. It 
can, therefore, be concluded that Cop 1 contains region(s) 
that induce suppressor cells to EAE, i.e. suppressive 
determinant(s). Moreover, these suppressive determinants 
are shared by BP and Cop 1 as indicated by the following 
experimental results: The hybridomas and the 
IL-2-dependent T cell lines that had been induced by 
•Cop 1, inhibited the stimulation of BP-specific effector 
lines by BP (Table 1. Fig. 1). A similar degree of hybridoma 
growth anest was induced by BP and Cop 1 (Table 2). In 
addition. F r Ts-30D - the Cop 1-specific line cross-reacted 
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with BP when presented on SJL/J macrophages (Table 4). 
Finally, suppressor cells specific to Cop 1 prevented the 
in vivo induction of EAE. where the main encephalitogenic 
agent is BP [1-3]. Hence, the cross-reactivity between BP 
and Cop 1. previously demonstrated on both the humoral 
and the cellular levels, was found here for a specific subset 
of T cells - the suppressor cells. 

These suppressor cells probably recognize an epitope 
present on Cop i and BP which is different from the 
encephalitogenic determinant. This "suppressive or protec- 
tive epitope" selectively stimulates Ts rather than T helper 
lymphocytes. The concept that T helper and Ts repertoires 
differ, is based on the observation that suppressor T cells 
specific for one antigenic determinant can inhibit theTand 
B cell response to otherdeterminants on the same molecule 
[41-43]. Such suppressive determinants have been demon- 
strated for BP and shown to protect against EAE in guinea 
pigs [44] and rats [40. 45]. The availability of Ts hybridomas 
and lines such as those described herein may provide a 
useful tool for understanding the immune regulation of 
EAE. The use of Cop 1 .which contains only the suppressive 
determinants of BP for induction of suppressor cells, is of 
unique advantage. 

Received April 10. 1992; in revised form August 10. 1992. 
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